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PREFACE. 



Having been requested by the publisher of the 
weU-known series of rudimentaiy treatises to adopt 
a similar plan on the subject of " The Combustion of 
Coal, Chemically and Practically Considered/' and 
entirely approving of the same, the following paper 
will supply the necessary information on what involves 
not only the great manufacturing interests of the 
kingdom, but that of steam navigation and locomotion 
on our railways : in a word, all that has reference to 
the use of our native coal, and obtaining from it the 
largest measure of available heat 

The great practical value of the plan of rudimentary 
treatises is now so generally recognised as to require 
no comment, and in no instance is it more likely to be 
available than in embodying all that has hitherto been 
said on the construction of furnaces and boilers of all 
descriptions. Through the instrumentality of rudi- 
mentary treatises, much useful information is brought 
directly within reach of the great industrial popidation 
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of the kingdom, and on tenns which were incompatible 
with the more costly publications hitherto adopted. 

These considerations have induced me willingly to 
accede to the publisher's views, instead of preparing 
a new, or Fourth Edition, of works now out of print, 
and to give the whole in the form of a " rudimentary 
treatise." 

C. WYE WILLIAMS. 

LiTBiuPooL, 1858. 



PKEFACE TO THE FIBST EDITION. 



Beino much interested in the improvement of steam 
veBselSy from my connection with several steam navi- 
gation companies, and having had a longer and more 
extended experience in the details of their building 
and equipping than, perhaps, any individual director 
of a steam company in the kingdom, my attention has 
been uninterruptedly given to the subject since the 
year 1823, when I first established a steam company, 
and undertook to have the first steam-vessel constructed 
capable of maintaining a commercial intercourse across 
the Irish Channel, during the winter months, and 
which, till then, had been considered impracticable. 

The result of this long experience is the finding, 
that, notwithstanding the improved state to which the 
construction and appointments of the hull and general 
machinery of steam-vessels have arrived, great uncer- 
tainty and risk of failure still prevail in the um of fuel 
and the generation of steam. 

It is true, the engineer, who imdertakes the oon- 
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struction of the engines, also undertakes that the 
boilers shall provide a sufficiency of steam to work 
them ; but what that sufficiency means, has not been 
decided ; and, in too many instances, the absence of 
some fixed data on the subject leaving the evils of a 
deficiency of steam or a great expenditure of fuel 
unabated. 

So long as the operations of steam-vessels were 
confined to coasting or short voyages, the consequences 
of these defects in boilers, as regards the quantity of 
fael, were a mere question of pounds, shillings, and 
pence. When, however, those operations came to be 
extended to long sea voyages, these consequences took 
a more comprehensive range, and involved the more 
important question, whether such voyages were prac- 
ticable or profitable. 

From being so deeply interested in the improvement 
of this department of steam navigation, I have watched, 
with no small anxiety, the efforts of the engineers to 
arrive at some degree of certainty in what was admitted, 
on all hands, to be the most serious drawback to the 
successful application of steam-vessels to long sea 
voyages. I perceived the absence of any well-founded 
principle in the construction of the boiler — that the 
part on which most depended appeared least under- 
stood, and least attended to, namely, the furnace ; and 
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that this was too often left to the skill (or want of it) of 
working boiler-makers. I saw that, although the great 
operations of combustion carried on in the furnace, 
with all that belongs to the introduction and employ- 
ment of atmospheric air, were among the most difficult 
processes within the range of chemistry, the absence of 
sound scientific principles still continued to prevail; 
yet on these must depend the extent or perfection of 
the combustion in our furnaces. 

Years were still passing away, and while every other 
department was fast approaching to perfection, all that 
belonged to the combustion of fuel — the production of 
smoke — and the wear and tear of the furnace part of 
the boiler, remained in the same status quo of uncer- 
tainty and insufficiency; and even that boilers and 
their furnaces, constructed within the last few years, 
exhibit still greater violations of chemical truths, and . 
a greater departure from the principles on which nature 
proceeds. 

In the proper place I will show, that, of late years, 
as much uncertainty as to the success of a new boiler 
has prevailed as when I first began operations, thirty 
years ago ; and that few boilers, for land or marine 
engines, exhibit more in the way of effecting perfect 
combustion or economy of fuel than those of any former 
period since the days of Watt. 
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I do not affect to give any new yiew of the nature of 
combustion. What I take credit for is, the practical 
application, on the large scale of the fumaee^ of those 
chemical truths which are so well known in every 
laboratory. I also take credit for bringing together 
the scattered facts and illustrations of such authorities 
as bear on the subject before us, and so applying them 
as to enable practical men to understand that part 
which chemistry has to act in the construction, arrange- 
ments, and working of our boilers and furnaces. 

C. W. WILLIAMS 
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PART FIRST. 



CHAPTER I. 

Of THE CONSTITUSKTS OV COAL, AKD THE GEKESATIOK 

OF COAL GAS. 

Ik the following treatise I do not undertake to show how 
the 9m6ke from coals can be humed; but I do undertake to 
show how eoaU may he humed iffithoui emoke; and this 
distinction inyolyes the main question of economy of fuel. 

When smoke is once produced in a furnace or flue, it is as 
impossible to bum it or conyert it to heating purposes, as it 
would be to conyert the smoke issuing from the flame of a 
candle to the purposes of heat or light. 

When we see smoke issuing from the flame of an ill- 
adjusted common lamp, we also find the flame itself dull and 
murkj, and the heat and light diminished in quantity. Do 
we then attempt to hum that emoke ? No ; it would be 
impossible. Again, when we see a well-adjusted Argand 
lamp bum without producing any emoke, we also see the 
flame white and clear, and the quantity of heat and light 
increased. In this case, do we say the lamp hume its emoke? 



2 TnE C0HB1T8T10K OF COAL 

No; we say the lamp hums mikout smoke. This is the fact, 
and it remains to be shown why the same language may not 
be applied to the combustion of the same ooal and the same 
gas, in the Jumaee, as in the lamp. 

In a treatise purporting to describe the means of obtaining 
the largest quantity of heat from coal, the first step is an 
inquiry into the varieties of that combustible and its respec- 
tive constituents. 

The classification of the various kinds of coal, the details 
of an elaborate analysis, made by Mr. Thomas Sichardson, 
with the aid of Professor Liebig, are as follows: — 



SpociesofCoal. 


Locality. 


Carbon. 


Hydrogen. 


Azoto and 
Oxygen. 


Ashes. 


Splint 


Wylam 

Glasgow 

LanQuhire... 
Bdinbnrgh... 
Newcastle ... 

Glasgow 

Newcastle ... 
Durham 


74-823 
82-924 
83-763 
67-597 
84-846 
81-204 
87-952 
88-274 


6-180 
6-491 
6-660 
6-406 
6-048 
6-452 
5-239 
6-171 


5-085 
10-467 

8-039 
12-432 

8-430 
11-923 

5-416 

9-036 


18-912 
1-128 
2-548 

14-666 
1-676 
1-421 
1-893 
2-619 




Cannel 

ft 

Cherry 

»» 

Caking 

>> 



The most important feature in reference to this analysis 
is the large proportion of hydrogen which all bituminous 
coal contains, and which may be estimated at 5^ per cent. — 
hydrogen being the main element in the evolved gas, and by 
the combustion of which fiame is produced. 

The theory of combustion is now well understood by 
scientific men ; but, as a practical art, it still remains at a 
very low ^bb. 

We know, scientificaUy, that carburetted hydrogen and 
the other compounds of carbon require given quantities of., 
atmospheric air to effect their combustion ; yet we adopt no 
means, practically, of ascertaining what quantities are sup- 
plied, and treat them as though no such proportions were 
necessary. We know, sdenHficaily, the relative proportions 
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«in which the constituents of atmospheric air are combined ; 
' yety praeHoaUff, we appear whoUjr indifferent to the distinct 
nature of these constituents, or their eflfects in combustion. 
TVe know, seientifieallyy that the inflammable gases are 
combustible only in proportion to the degree of mixture and 
union which is effected between them and the ozjgen of the 
air; jQ%praot%ealhf^ we never trouble our heads as to whether 
we have effected such mixture or not. These and many 
similar illustrations exhibit a reprehensible degree of care- 
lessness which can only be corrected by a sounder and more 
scientific knowledge of the subject ; and this can only be 
attained through the aid of chemistry. 

The main constituents of all coal, as we see in the pre- 
ceding table, are carbon and hydrogen. 

In the natural state of coal, the hydrogen and carbon are 
united and solid. Their respective characters and modes of 
entering into combustion are, however, essentiall j different ; 
and to our neglect of this primary distinction is referable 
much of the difficulty and complication which attend the use 
of coal on the large scale of owe furnaces. 

The first leading distinction is, that the bituminous portion 
is convertible to the purposes of heat in the gaseous state 
ttlone; while the carbonaceous portion, on the contrary, is 
combustible only in the solid state ; and, what is essential to 
be borne in mind, neither can he consume tohile they remain 
united. 

The use of the term ^'Juel^^* as applied to the combustion 
of coal during its several processes in the furnace, without 
reference to any particular constituent, whether gaseous or 
solid, is sufficiently indicative of the inattention to the 
chemical conditions of combustion.* 

* Many instances of isattention miglit hwe be giyen. The following 

will suffice. In a popular treatise on the steam-engine, by Dr. Lardner, 

speaking of Bmnton*B rerolTing grate^ he obsenres, '*The coals are let 

down from the hopper on the grate, and as they descend in very small 

quantities at a time^ they are almost immediatdy iffniied," Here the ec * 

B 2 
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The general impression is, that coal, spoken of under the 
objectionahle term of ^'./W//' enters into combustion ai once, 
on the application of heat, and that, during sueh combustion, 
it evolves the gaseous matter which it contains. This^ 
however, is neither correct nor scientific, and evades an 
important feature in the use of coal, namely, the order in 
which the gaseous and solid portions come into use as heat- 
giving media. 

When heat is first applied to bituminous coal, the ques- 
tion naturallj arises, What becomes of it ? or, What is its 
effect ? 

A charge of fresh coal thrown on a furnace in an active 
state, so iax from augmenting the gene^ temperature, 
becomes at once an abiorbent of it, and the source of the 
volatilisation of the bituminous portion of the coal; in a 
word, of the generation of the gas. Now, volatilisation is 
the most cooling process ^of nature, hj reason of the quantity 
of heat which is directly converted fiom the sensible to the 
latent state. So long as any of the bituminous constituents 
remain to be evolved from any atom or division of the coal, 
its solid or carbonaceous part remains black, at a compara- 
tively low temperature, and utterly inoperative as a heating 
body. In other words, the carbonaceous part has to wait its 
turn for that heat which is essential to its own combustion, 
and in its own peculiar way. 

If this bituminous part be not consumed and turned to 
account, it would have been better had it not existed in the 
coal ; as such heat would, in that case, have been saved and 

is represented as being ignited, or oonTerted into flame^ whieli is incorrect. 
Coal-gas may be conTerted into flame, and coke may be ignited, bnt coal 
can neither be ignited nor converted into flame. 

Again, ''Bat, until tbeir ignition is complete, a moke will arise, 
which, passing to the flne oyer the burning coal, will he ignited" Here it 
is the gat which is ignited — ^the term mnohe being improperly osed instead 
of goB, This, abo, is incorrect, as tmokej properly speaking, being once 
formed, cannot be ignited or inflamed in the same famace. 
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become ayailable for the business of the furnace. To this 
circumstance maj be attributed the alleged comparativelj 
greater heating properties of coke, or anthracite, over 
bituminous coal. 

The point next under consideration will be the processes 
ix&cident to the combustion of the gaseous portion of the 
coal, as distinct from the carbonaceous or solid portion. 



CHAPTER II. 

or OASIOUS COMBIKATIOKS, AJSJ) PiLBTICULiLBLT OF THE 

inriON OF COAL OAS AND AIB. 

Hayhto pointed out the leading characteristic in the use 
of coal, arising out of its elementary divisions bituminous and 
earhonaceousy our next step is, its union with atmospheric 
air. This part of the subject will require the more attention, 
as the practicable economy in the use of coal will be found 
connected with the combustion of the gases. The mechanical 
engineer may ask. What has this to do with boiler-making 
and furnace-building ? Neyertheless, it involves the whole 
question of right or wrong, so long as a furnace is to be 
part of a boilerf and that coal is to be consumed in that 
furnace. 

On the application of heat to bituminous coal, the first 
result is its absorption by the coal, and the disengagement 
of gas, from which flame is exclusively derivable. 

The constituents of this gas are, hydrogen and carbon: and 
the unions which alone concern us here are, carburetted 
hydrogen and bi-carburetted hydrogen^ commonly called 
defiant gas. 

Combustibilitg is not a quaUty of the combustible, taken 
bg itself. It is, in the case now before us, the union of the 
combustible with osggen, and which, for this reason, is called 
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the ^^ supporter f^ neither of which, however, when taken 
aloney can he consumed.* 

To effect combustion, then, we most have a eombuitible and 
a supporter of combustion. Strictly speaking, combustion 
means union : but it means ehemieal union. 

Let us bear in mind that coal gas, whether generated in 
a retort or a furnace, is essentially the same. Again, that, 
strictly speaking, it is not inflammable ; as, hy itself, it can 
neither produce flame nor permit the continuance of flame 
in other bodies. A lighted taper introduced into a jar of 
carburetted hydrogen (coal gas), so &r from inflaming the 
gas, is itself instantly extinguished. Efiective combustion, 
for practical purposes, is, in truth, a question more as 
regards the air than the gof^ Besides, we have no control 
over the gas, as to quantity, afber haying thrown the coal on 
the furnace, though we eon exercise a control over that of 
the air, in aU the essentials to p^ect combustion. It is 
this which has done so much for the perfection of the lamp, 
and may be made equally available for the Jvmace; yet, 
strange to say, in an age when chemical science is so 
advanced, and in a matter so purely chemical, this is pre> 
cisely what is least attended to in practice. The how^ and 
the when, and the -Jhere this controlling influence over the 
admission^iid action of the air is to be exercised, are points 
deman^g the most serious consideration, and can only be 
decided on strict chemical principles, 

I ^ '* In ordinary language, il body is said to born when its elements unite 
/ with the oxygen of the air, and form new products. One of the bodies, as 
hydrogen, is termed the burning or combustible body, and the oxygen is 
said to be the supporter of combustion ; but this language, although con- 
venient for common use, is incorrect as a scientific expression, for oxygen 
may be burned in a vessel of hydrogen, as well as hydrogen in a vessel of 
oxygen, the one and the other being equally active in the process, and 
being related to each other in every way alike." — Elements of CheniUf^y, 
. hy HobeH Kame, M.D. Part I., p. 285. 1840. 
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CHAPTER ni. 

Of THE OOKBTITrENTS OF COAL OAS AND AI£, AND THE 
BELATITB QUAKTIIISS BSQUIBED FOB GOMBTJSTION. 

The jfirst step towardB effecting the combustion of anj gas, 
IB the ascertaining the quantity of oxygen with which it will 
chemieaUj combine, and the Quantity of air required for sup- 
plying such quantity of oxygen. Here, then, we are called on 
for strict chemical proofs — these seyeral quantities de- 
pending on the fi&culty of each in combining with certain 
definite proportions of the other — the supporter; these 
yespectire prop<»:tion8 being termed ** equwdhnts,** or com- 
bining Yolumes. 

JNqw^ the doctrinft of "equivalents," that all-convincing \ 
proof of the. truths of chemistry, reduces to a mere matter / 
of calculation that which would otherwise be a complicated 
tissue of uncertainties. 

Much of the apparent complexity which exists on this 
head arises from the disproportion KItween the relative 
volumes, or bulk, of the constituent atoms of the several 
gases, as compared with their respective weights, Eor 
instance, an atom of hydrogen is double the bulk of an atom 
of carbon vapour; yet the latter is six times the weight of 
the former. 

Again, an atom of hydrogen is double the bulk of an atom 
of oxygen ; yet the latter is eight times the weight of the 
former. 

So of the constituents of atmospheric air — ^nitrogen and 
oxygen. An atom of the former is double the bulk of 
an atom of the latter ; yet, in weight, it is as fourteen to 
eight. 

I have stated that there are two descriptions of hydro- 
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carbon gases in the combustion of which we are concerned ; 
both being generated in the furnace, and eyen at the 
same time, namelj, the earhuretted' and hircarhuretUd 
hydrogen gases, the proportion of the latter in coal gas 
being estimated at about ten per cent. Eor the sake of 
simplifying the explanation, I will confine myself to the 
first. 

On analysing this gas, we find it to consist of two volumes 
of hydrogen and one of carbon vapour ; the gross bulk of 
these three being condensed into the hulk of a eingle atom of 
hydrogen^ that is, into two-fifths of their previous bulk, aa 
shown in the annexed figures. Let figure 1 represent an 
atom of coal gas — carburetted hydrogen— with its con- 
stituents, carbon and hydrogen \ the space enclosed by the 
lines representing the relative size or volume of each ; 
and the numbers representing their respective weights — 
hydrogen being taken ae unity both for volume and 
weight.* 

Carburetted Hydrogen, 
Fig. 1. 




Its constitnente, 



Hydrogen 



A 




Hydrogen 
1 




• «i 



Oe gaz (carburetted hydrogen) est compost de 75*17 partiefi (by 
weight) de carbone, et 24*33 d'hydrogdne ; ou, d^nn wdumt de carbone 
gaxeux et quatre yolnmes de gaz hydrogdne, condense k la inoiti6 du 
Yolume de ce dernier, on, aux 2/6 dn Tolume total dn gaz, de manidre que 
de cinq Tolumes simples, il n*en r^nlte pas plos de deux de la com- 
binaison." — Btrtdhia^ vol. I., p. 330. 
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£i-carhiretted Hydrogen, 
Fig. 2. 




Its constitaents, / ^"J^** 




"Let us now, in the same analytical manner, examine an 
atom of atmospheric ur, the other ingredient in combus- 
tion. 

AtmospheHe air is composed of two atoms of nitrogen 
and one atom of oxygen ; each of the former being dotMe 
the Yolume of an atom of the latter, while their relative 
weights are as fourteen to eight : the gross volume of the 
nitrogen, in air, being thus four times that of the oxygen ; 
and in ioeight^ as twenty-eight to eight, as shown in the an- 
nexed figure 3. 

Atmospheric Air, 



Fig. 3. 





In the coal gas we found the constituents condensed into 
iVKhfifihe of their gross bulk : this is not the case with air ; 
an atom of which is the same, loth as to hulk and weight, as 
the sum of its constituents, as here shown. Thus, we find» 

B 8 
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the oxygen bears a proportion in yolume to that of 
the nitrogen, as one to five ; there being but 20 per 
cent, of oxygen in atmospheric air, and 80 per cent, of 
nitrogen. 

We now proceed to the ascertaining the separate quantity 
of oxygen required hy each of the constituents (of the gaa), 
so as to effect its perfect combustion. 

With respect to this reciprocal saturation, the great 
natural law is, that bodies combine in certain fixed proper' 
turns only, both in volume and weight,* 

The important bearings of this elementary principle 
cannot be more strikmgly iUustrated than in the com- 
binations of which the elements of atmospheric air are 
susceptible. 

Por instance, oxygen unites chemically with nitrogen in 
fire different proportions, forming fire distinct bodies, each 
essentially different from the others, thus : 

Atoms. Weight. Atom«. Weight. Qroes Weight, 

of Nitrogen 14 unites with 1 of Oxygen 8 forming Nitrous Oxide 22 
14 ... 2 ... 16 ... Nitric Oxide 30 

14 ... 8 ... 24 ... HyponitrousAoid 88 

14 ... 4 ... 82 ... Nitrous Acid 46 

14 ... 5 ... 40 ... Nitric Add 54 



* <'L*exp6rience a d6montr6 que, de m6me que les ^^mens se com- 
binent dans dea proportions fixes et multiples, relatirement & lenr poida, 
ils se combinent aussi, d*une manidre analogue, relatirement H leur 
volume, lor8qu*il8 sont & T^tat de gaz : en sorte qu'nn volume d*un 
£l£ment se combine, ou, arec un volume £gal au sien, ou avec 2, 8, 4 et 
plus de fois son volume d^un autre Element ii T^tat de gaz. En comparant 
ensemble les ph^aomdnes connus des combinaisons de substances gazeuses, 
nous d6couvrons les nUmu loU des proportions fixes, que cellos que vous 
venous de deduire de leun proportions en paidt : ce qui donne lieu & une 
mani^re de se representor les corps, qui doivent se combiner, sous des 
volumes relatifs ii Tdtat de gaz. Les degrds de combinaisons sont absolu- 
ment les mdmes, et ce qui dans Tune est nomm6 iUomtf est dans Fautre 
appeU voiiMiic."— Berze/ttw, vol. IV., p. 549. 
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Or thus : 



Fig. 4. 






lUitwgen. jlO^J^Kea.). 



Atmosphoric Air. 



Nitric Oxidu. 




Nitrous Oxide. 



Hyponitroua Acid 



Nitr6us Acid. 



- Nitric Acid. 



We here find the elements of the air we breathe, by a mere 
change in the proportions in which thej are united, forming 
so many distinct substances, from the laughing gas^ (nitrous 
oxide,) up to that most destructive agent, nitric acid, com- 
monly called aqua-fortis. 

On the application of heat, or what may be termed the 
firing or lighting the gas, when duly mixed with air, the 
hydrogen eeparatea itself from its felhuhconttituentj the 
earbon, and forms an union with oxygen^ the produce of 
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which is water. The saturating equivalent of an atom, or 
any other given quantity of hydrogen, is not double the 
volume, as in the case of the carbon, but one-half its volume 
only — the product being aqueous vapour, that is, eteam ; the 
relative weights of the combining volumes being 1 of 
hydrogen to 8 of oxygen ; and the bulk, when combined, 
being two-thirds of the bulk of both taken together, as 
shown in the annexed figure. 



Fig. 5. 




Again, the carbon, on meeting its equivalent of oxygen, 
unites with it, forming carbonic acid gas, composed of one 
atom of carbon, (by weight 6,) and tioo atoms of oxygen, (by- 
weight 16,) the latter, in volume, being double that of the 
former, as in the annexed figure. 



Carbonic Acid. 



Fig. 6. 




9 



I 

sr 



No facts in ctemistry, therefore, can be more decidedly 
proved, than that o^e atom of hydrogen and one atom of 
oxygen {the former l^ing double the ht^k of the latter) unite 
in the formation of wate^; and, further, that one atom of 
carbon vapour and two atoms of oxygen (the loiter being 
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douile the hulk of the former) unite in the formation of car- 
bonic acid gas. 

Having thus ascertained the quantity of oxygen required 
for the saturation and combustion of the two constituents 
of coal gas, the remaining point to be decided is, ihe 
quantity of air that will he required to eupply thU quantity of 
oxygen* 

This is easily ascertained, seeing that we know precisely 
the proportion which oxygen bears, in voltime, to that of 
the air. Eor, as the oxygen is but one-fifth of the bulk of 
the air, five volumes of the latter will necessarily be 
required to produce one of the former ; and, as we want 
two volumes of oxygen for each volume of the coal gas, it 
follows that, to obtain those two volumes, we must provide ten 
volumes of air. 

As the proportion of air required for the combustion 
of the hircarhuretted hydrogen (defiant gas) is necessarily 
larger than for the carhureited hydrogen, a diagram of 
each is annexed, showing the volume of air required for 
combustion. 

Carburetted Hydrogen. 

BITORB OOMBUSnOK. ELKXSXTART XIXTVItS. fBODUOTS OF 0OXBU8TION. 
Weight Atoms. Weight. Weight. 

r 1 Carbon ... 6 -^ 22 Carbonic Add. 



8 Carburetted 
Hydrogen. 



* ^j«*v5«** * ^yr y 9 Steam. 

1 Hydrogen 1 " yy^y^y ^ Steam. 

1 Oxygen... 

1 Oxygen... 

1 Oxygen... 

1 Oxygen... 8 

^8 Nitrogen 112 __-^^2 Unoombined 

Nitrogen. 

162 152 162 



144 Atmospheric 
Air. 
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JSi-CarhureUed Hydrogen. 



BEFOEB OOMBUSnOV. ELEMEHTART MIXTUBS. 
Weight. Atoms. Weight. 

1 Carbon... 6 — 



14 Bi'Carbnretied 
Hydrogen. 



216 iLtmoBpheiio 
Air. 




PBOBUOTS or COMBUSTIOH. 
Weight. 
22 Carbonic Add. 

22 Carbonic Acid. 
9 Steam. 
9 Steam. 



230 



1 Carbon... 6 
1 Hydrogen 1 
1 Hydrogen 1 

1 Oxygen... 8 

1 Oxygen... 8 

1 Oxygen... 8 

1 Oxygen... 8 

1 Oxygen... 8 

1 Oxygen... 8 

^12 Nitrogenl68__ _,_ X63 Unoombined 

Nitrogen. 

230 230 



CHAPTER IV. 

or THE QUANTITY OF AIB BEQFIBED FOB THE COMBITSTIOK 
OF CABBOK, AFTEB THE GAB HAS BEEN GEmSBATED. 

Hatotg disposed of the question of quantity, as regards 
the supply of air required for the saturation and combustion 
of the ffoseom portion of coal, we have now to answer a cor- 
responding question, with reference to the carbonaceous -part 
resting in a solid form on the bars after the gaseous matter 
has been evolved. 

Carbon is stated, bj chemists, to be susceptible of uniting 
with oxygen in three proportions, bj which three distinct 
bodies are formed, possessing distinct chemical properties. 

This peculiarity of the unions of carbon with oxygen is 
wholly unattended to in practice : yet we shall see how 
essential it is in considering the quantity of air to be intro- 
duced to a furnace. 
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These three proportions, in which carbon unites with 
oxygen, form, first, carbonic acid; second, carbonic oxide; 
and, third, earbonou* aeid (or oxalic acid). With the first 
and second onlj we have to deal in the /untact — the differ 
anoe between these two forroatioiiB being peculiarly im- 
portont to our present subject. 

Were carbonic acid the only product of the combustion of 
the carbon of the coal in the iiimaco, no more would here 
have to be said ; but there is the other state in which we 
find carbon uniting and paaeing away with oxygen, and 
which gives rise to oonsiderationa of the utmost importance 
in this branch of the inquiry. This other state is that of 
carbonic oxide, the formation of wbioh, in the furnace, is 
vholly unheeded in practice, although its influence on the 
quantity of heat obtained ia very considerable, the very 
name of this gas not having hitherto been noticed by any 
ivriter in connection with combustion in the fumaoe. 

Carbonic add, we have seen, is a compound of one atom 
of carbon with two atoms of oxygen ; while carbonic oxide 
is composed of the same quantify ftf carbon with but ha^ 
the above quantity of oxygen, as in the annexed figures. 

Fig. 7. 



CnrboD, S, tbrmg Qtrb. Add, 




Here we see that carbonic oxide, though containing but 
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one-half the quActity of oxygen, is yet of the same bulk or 
Tolume aa carbonic aeid, a circumstaDce of considerable 
importance on the mere question oidraught, and supply of 
air, aa will be hereafter shown. 

Now, the combustioii of this oxide, fiy it$ eonvertum into 
ike aeid, is aa distinct aa operation as the combustion of the 
carbnretted hydrogen, or any other combustible ; yet all this 
is wholly overlooked in praetiee in the operations carried on 
in the furnace. 

But the most important view of the question, and one 
which is little known to practitioners outmde the laboratory, 
is as regards theybrmotwn of this oxide; and this is the 
part of the inquiry which most requires our attention. 

The direct effect of the union of carbon and oxygen is the 
formation of carbonic aeid. If, however, we dbttraet one of 
its portions of oxygen, the remaining proportions would then 
be those of carbonic oxide. It is equally clear, however, 
that if we aid a second portion of carbon to carbonic add, 
we shall arrive at the same result, namely, the having carbon 
and oxygen combined in equal proportions, aa we see in 
carbonic oxide. 

Pig. 9. 



Ciirbon,(l,fi)niiineCarb.Oilile,2S 




By the addition, then, of a second proportion of carbon to 
the above, too volumes of carbonic oxide will be fbrmed — 
thus: 
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Fig. 10. 



Oxygen, S, 



OzygeD,8, 




Carb.,6,formi]igCai*b.Oxide,U 



Carb.,6,forming Carb. Oxide, 14 




Now, if these two Tolnmes of carbonic oxide cannot find 
the oxygen required to complete their saturatinff equivalents, 
they pass away necessarily but half coMumedy a circum- 
stance which is constantly taking place in all furnaces 
where the air has to pass through a body of incandescent 
carbonaceous matter. 

This frequently leads to a fatal error in what is called the 
** combustion of smoke : " for if the carbonaceous constituent 
of coaly and, while yet at a high temperature, encounters 
carbonic aeidf this latter, taking up an additional portion of 
carbon, is converted into carbonic oxide, and again becomes 
a gaseous and invisible combustible. 

The most prevailing operation of the furnace, however, 
and by which the largest quantity of carbon is lost in the 
shape of carbonic oxide, is thus : — The air, on entering from 
the ashpit, gives out its oxygen to the glowing carbon on 
the bars, and generates much heat in the formation of .car- 
bonic acid.. This acid, necessarily at a very high tempe- 
rature, passing upwards through the body of incandescent 
solid matter, takes up an additional portion of the carbon, 
and becomes carbonic oxide.* 



* "Garbonie oxide may be obtained by tranamitting carbonic acid orer 
red hot fragments of charcoal contained in an iron or poroehiin tabe. It is 
easily kindled : combines with half its Tolume of oxygen, forming carbonic 
add, which retains the original rolome of the carbonic oxide. The com- 
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Thus, by the conversion of one volume of acid into two 
volumes of oxide, heat is actually absorbed, while we also 
lose Ihe portion of carbon taken up during such conversion, 
andiflira. deceived by imagining we hfl;ve '^ burned the smokeJ'* 

The formation of this compound^ carbonic oxide, being 
thus attended by circumstances of a curious and involved 
nature, is, probably, the cause of the>pzeTailing ignorance of 
itsMpvoperties. Por, while we find, in every mouth, the 
term carbonic acid, as the product of combustion, we hear 
nothing of carbonic oxide, one of the most waste*inducing 
compounds of the furnace, imless provided with its equi- 
valent volume of air, by which its combustion will be 
effected.* 

Another important peculiarity of this gas (carbonic oxide) 
is, that, by reason of its already possessing one-half its 
equivalent of oxygen, it inflames at a lower temperature 
than the ordinary eoal-gaa; the consequence of which is, 
that the latter, on passing into the flues, is often cooled 
down below the temperature of ignition ; while the former 
is sufficiently heated, even after having reached the top of 
the chimney, and is there ignited on meeting the air. This 

bastion ia often witnessed in a coke or chArooal fire. The carbonic acid 
produced in tbe lower jaii of the fire is converted into carbonic oxide 
as it passes up tbrongh tbe red hot embers." — Oraham*a Element of 
CkemUtry, 

* *' Among the stove- doctors of the present day, none are more 
dangerous than those who, on the pretence of economy and convenience, 
recommend to keep a large body of ooke burning slowly, with a slow 
circulation of air. An acquaintance ^th chemical science would teach 
them, that, in the obscure combustion of coke or charcoal, much carbonic 
oxide is generated, and much fuel consumed, with the production of littie 
heat ; and physical science would teach them, that, when the chimney 
draught is languid, the bnmed air is apt to regurgitate through eveiy 
seam or crevice, with the imminent risk of causing asphyxia, or death, to 
the inmates of apartments so preposterously heated." — -Dr, Ure*$ Paper on 
VentUating and Heating Apartments, read before the Moyal Soeitty, IM 
June, 1836. 
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is tke cause of the red flame often seen at the tops of 
ehimnejs and the funnels of steam-vessels. 

We may thus set it down as a certainty, that, if the 
carbon, either of the gas or of the solid mass on the bars, 
passes away in union with oxygen in any other form or pro- 
portion than that of carbonic acid, a commensurate loss of 
heating eflect is the result. 

Hence we see how the peculiar influence which carbonic 
oxide exercises, in its formation and combustion, justifies 
the observation of Ghevreul, in his '^ Le9ons de Chimie,'* that 
*' la connaiasance de 8es proprietes est iuditpemable pour hien 
eonn&Ure le carhonP 

Of the application of carbonic oxide in the manufacture 
of iron,.and the mode of effecting its combustion, notice will 
be taken in a subsequent chapter. 



CHAPTER V. 

OF THE QVALITT OP THE AIB ADHITTEI) TO A FUBNACE. 

Whsk we speak of mixing a given quantity of oxygen 
with a given quantity of coal gas, we do so because we know 
that the former is required to saturate the latter; so when 
we speak of mixing a given volume of atmospheric air with 
a given volume of coal gas, we do so knowing that such 
precise quantity of air will provide the required quantity of 
oxygen. 

If, however, by any circumstance, accidental or otherwise, 
the air we employ has either lost any portion of its oxygen, 
or is mixed with any other gas or matter, it no longer bears 
the character of pure atmospheric air, and cannot satisfy the 
condition as to quantity/ of oxygen which was essential to our 
purpose. 

We require ten cubic feet of otr to supply two cubic feet 
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of oxygen to effect the combustion of one cubic foot of coal- 
gas ; but if this quantity of air does not contain this 20 per 
cent., it is manifest we cannot obtain it. The air, in this 
case, may be said to be yitiated or deteriorated ; and, in this 
sense, the quality of the air we employ is entitled to serious 
consideration. 

Let us now inquire how far the ordinary mode of con- 
structing and managing our furnaces enables us to satisfy 
this condition, namely, the providing unmUated air both to 
the solid earhonaceous portion of the coal on the bars, and 
the gaseous portion in the furnace. 

Tredgold, and others after him, overlooking these dis- 
tinctive features in the processes which coal undergoes in its 
progress towards combustion, give preposterous directions 
as to the introduction of air. He says, '^ The opening to 
admit air (the ashpit) should be sufBlciently large for pro- 
ducing the greatest quantity of steam that can be required, 
but not larger.*' Here we find the "quantity of steam" 
actually considered as dependent on the area of "the 
opening to admit air" to the ashpit, than which nothing can 
be more incorrect.* If, then, Tredgold could so palpably 
overlook the chemical essentials in the combustion of the 
two separate constituents of coal, it cannot be a matter of 
surprise that those who have been taught to follow in his 
steps should have made so little advance in perfecting our 
system of furnaces. 

I have alluded to Tredgold's directions with the view of 

* "In the oonstrnction of fire-places for iMilers,*' he obserres, '*we 
hATe to combine everTthing which is likely to add to the effect of fhel, and 
to avoid ererything which tends to diminiah it, as far as possible. Now, 
without some knowledge of the nature of the operation of burning, it will 
scarcely be possible to do anything good except hy mere (Occident, We 
should be like seamen in a vessel at sea without a compass, with as litde 
diance of steering to the intended port.** 

No man can question whether the absence of a compass would not be 
preferable to one which should directly induce us to steer a wrong course. 
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pointing attention to that which has hitherto been so 
neglected, namely, the two distinct oprantions of supplying 
air to the ^as generated in the upper part of the furnace, 
and to the solid carhon resting on the bars ; and, also, to 
the iujury caused by compelling the whole supply to pass 
through the ashpit, and through such solid carbon; by 
'which not only a 4fi% y^<^of oxygen is occasioned in the 
air intended for burning the gas, but an undue and 
injurious lurging of the combustion of the carbonaceous 
matter.* 

Yet this is our daily practice. We bring air to the gases 
which has already been employed in a separate and eren 
destructiye process, and yet expect the result to be satis- 
factory and the combustion complete. And when we find, 
instead of producing carbonic acid and water, that we have 
produced a large volume of smoke — of unconsumed combus- 
tible matter — ^we then set about inventing processes by 
which this smoke is to he *^ consumed,'* and the evil we had 
ourselves produced, corrected. 

* *<To succeed in comnuning the combustible gases," obsenres Tred- 
gold, ''it is neeeesary that they mix with air that has become hot, by 
passing through^ over, or among the fuel which hat ceased to emoike; the 
words of the patent of Mr. Watt, dated 1785." 

Here there can be no mistake, yet nothing can be more unscientific or 
unsound in principle. The ineritable result of this operation would be : 
first, the depriTing the air, more or less, of its oxygen ; and, second, 1^ 
urging this increased quantity of air to act like a blast on such red hot 
fuel, to consume it with unnecessary and ii^'urions rapidity. 
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CHAPTER VI. 

Ol? THE 3fIXIN0 Ain) IKCOHPORATIOBT OP AIB AND 

COAL GAS. 

HATnra disposed of the questions regarding the quantity 
and quality of the air to be admitted, our next consideration 
is, the effecting such a mixture as is required for effective 
combustion. 

It seems taken for granted, in practice on the large scale> 
that, if air, by any means, be introduced to ** the fuel in the 
furnace," it will, as a matter of course, mix with the gas, or 
other combustible, in a proper manner, and assume the state 
suitable for combustion, whatever be the nature or state of 
such fuel. Yet, as well might it be said, that bringing 
together given quantities of nitre, sulphur, and charcoal, in 
masses, was sufficient for the constitution of gunpowder. It 
is, however, the proper distribution, mixture, and incorpo- 
ration of the respective elementary atoms of those masses 
which impart efficiency and simultaneousness of action, and, 
necessarily, their explosive character : * and so, also, in the 
bringing bodies of gas and air into a state of preparation for 
efficient and simultaneous combustion. 

In operating in the laboratory, when we mix a measured 
jar of an inflammable gas vnth a due complement of oxygen 

* Doctor TTre, in his Chemical JHetionary, puts this dearly and 
forcibly. Gunpowder is composed of given weights of nitre, charcoal, and 
snlphnr, ** intimately blended together by long pounding in wooden 
mortars." Again, ''The variations of strength, indifferent samples, are 
generally occasioned by the more or less intimate division and mixture of 
the parts. The reason of this may be easily deduced from the consideration, 
that nitre does not detonate until in contact with inflammable matter: 
whence the whole detonation will be more speedy the more numerotu the 
av/r^aces of contact,^* 



"^ AND THE PBBYIITTIOir OF 8H0KE. 28 

tke operation being performed leisurely, dae incor- 
,.'poration follows, and no question as to the wamt of time 
arises. 

In this operation the quantities are small : both bodies are 
gaseous : there is no disturbing influence from the presence 
of other matter: the relative quantities of both are in 
saturating proportions; and above all, are unaffected by 
current or draught. 

But compare this deliberate laboratory operation with 
what takes place in the furnace. First, the quantities are 
large: secondly, the bodies to be consumed are partly 
gaseous, partly solid : thirdly, the gases evolved from the 
coal are part combustible and part incombustible : fourthly, 
they are forced into connection with a large and often over- 
whelming quantity of the products of combustion, chiefly 
carbonic acid: fifthly, the very air introduced is itself 
deteriorated in passing through the bars and incandescent 
fuel on them, and thus deprived of much of its oxygen : 
sixthly, and above all, instead of being allowed* a suitable 
time, the whole are hurried away by the current or draught 
in large masses. 

Dr. Seid, in his '^Elements of Chemistry," when de- 
scribing the detonating mixture, directs " that the oxygen 
be iioell iMngled with the hydrogen.'* Here deliberate 
measures are taken for the diffusion of a mere phial full, yet 
we take no pains to have these same ingredients ^^voell 
mingled^^ in the furnace ! 

In the '^ Experimental Eesearches on the Diffusion of 
Oases,*' by Mr. Graham, we have abundant proof of the 
absolute necessity for giving time. In one case, he ob- 
serves, " the receiver was filled with 76 volumes of hydrogen, 
and 75 of olefiant gas, agitated and allowed to stand 
over water for twenty-four hours, that the mixture might 
he as perfect ae possible,^* In general, he allowed four 
hours to elapse before he considered the gases adequately 
mixed. 
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ProfesBor Daniell finds, that even in laboratory experi- 
ments, it is essential to giye an excess of oxygen to secure 
an adequate portion reaching each atom of the gas to be 
consumed, no more, however, being consumed than its due 
equivalent of oxygen.* 

But the observations of Professor Faraday should satisfy 
us at once on the question of time, and justifies the attri- 
buting so much importance to this hitherto neglected 
feature in the process of combustion on the large scale. In 
his " Chemical Manipulations," p. 360, he says, ** It will be 
proper to observe, that, although in making mixtures of 
gases, they will become uniform without agitation, if suffi- 
dent time he alloioed, the period required will be very Umff, 
extending even to hours, in narrow vessels. If hydrogen be 
thrown up into a wide jar full of oxygen, so as to fill it, and 
no further agitation given, the mixture, qfier the h^ee oj 
eeverdl minutes, will still be of difierent composition above 
and below." Here are several minutes proved to be neces- 
sary in e£r6cting adequate mixture in a jar full of the gases, 
whereas we cannot afford even several seconds for the mixing 
of a furnace ftdl. 

Now this brings us to the conclusion, that, as we cannot 
force the gas and air to mingle with sufficient rapidity, 
nftder the ordinary circumstances of the furnace, our views 
should be directed to the effecting such modifications of 
that furnace as will aid nature in those arrangements which 
are essential to combustion, rather than in obstructing 
them. 

Having consulted Professor Daniell on this subject, his 
opinion, here given, is of importance. 

* " In the prooeBB which has been described for colleotiDg the products 
of the detonation of hydrogen and oxygen, it is necessaiy that ihey ht 
mixed very aeeuraitlyf in the proportion of two of hydrogen to one of 
oxygen. In these proportions they enter into combination, and in none 
other ; and if either were in excess, the surplus would be left after 
detonation. "^i>a»M2r« Iniroduaion to Chemical Philatophy, 
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OPINION. 

"Knro's Colibok, 8^ Auffutt, 1840. 

** There can be no doubt, that the affinity of h jdrogen for 
oxygen nnder most circumstances is stronger than that of 
carbon. If a mixture of two parts of hydrogen and one of 
carbonic acid be passed through a red-hot tube, water is 
formed, a portion of charcoal is thrown down, and carbonic 
oside passes over with the excess of hydrogen. 

^ With regard to the different fonns of hydro-carbon, it 
is well known, that the whole of the carbon is never com- 
bined with oxygen in the processes of detonation or silent 
combustion, unless a large excess of oxygen he present, 

'Tor the complete combustion of defiant gas, it is necessary 
to mix the gas with five times its yolume of oxygen, though 
three only are consumed. If less be used, part of the carbon 
escapes conMnation^ and ia deposited as a black powder. 
Even subcarburetted hydrogen it is necessary to mix with 
more than twice its bulk of oxygen, or the same precipi- 
tation will occur. 

''It is dear, therefore, that the whole of the hydrogen of 
any of these compounds of carbon may be combined with 
oxygen, while a part of their carbon may escape combus- 
tion, and that even when enough of oxygen is present for its 
saturation. 

" That which takes place when the mixture is designedly 
made in the most perfect manner must, undoubtedly, arise 
in the common processes of combustion, where the mixture 
is fortuitous and much less intimate. Any method of 
ensuring the complete combustion of fuel, consisting partly 
of the Tolatile hydro-carbons, mwt he founded upon theprin' 
eiple of producing an intimate mixture with them of atmos- 
pheric air, in excess, in that part of the furnace to which 
they naturally rise. In the common construction of fur- 
naces this is scarcely possible, as the oxygen of the air, which 
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passes through the fire hars^ is mostly expended upon the 
solid part of the ignited fuel with which it first comes in 
contact, 

•'J. F. DANDSLL. 

"To 0. W. Williama, Esq., &c. &c." 



CHAPTER VIL 

OP THE OOKSITIO^ETB GIT WHICH THE IKOOBPO&ATIOIT OP 
THE GAS AND AIB ABE ErFECTED PBEPABATOBT TO 
GOMBUSTIOll^. 

Fbofessob Dakiell, in the opinion just quoted, states 
the true principle on which any improyement in our 
furnaces for ensuring the complete combustion of bitu- 
minous coal must be founded, namely, the producing an 
intimate previous mixture between the gaseous portion and 
atmospheric air. 

On this head we find many convincing illustrations of 
what nature requires, and what a judicious mode of bringing 
air to the gas can effect, in the common candle, and in the 
Argand lamp, that I propose examining these two exempli- 
fications of gaseous combinations and combustion, in the 
manner adopted by the best British and continental 
chemists. 

Mr. Brande observes, '' In a common candle, the tallow 
is drawn into the wick by capillary attraction, and there 
converted into vapour, which ascends in the form of a 
conical column, and has its temperature sufficiently elevated 
to cause it to combine with the oxygen of the surrounding 
atmosphere, with a temperature equivalent to a white heat. 
But this combustion is supejficial only^ the flame being a 
thin film of white hot vapour, endoaing an interior portion, 
which cannot bum/or want of oxygen* It is in consequence 
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of tbis straofcore of the flame that we 80 materially inereate 
iU heatf by propelling a currrait of air through it by the 

Dr« Eeid observesy '* The flame of a caadle ia produced 
by the gaa formed around the wick acting upon the oxygen 
of the air : the flame is 9oUly at ike exterior portion of the 
ascending gaa. All wUhaui is merely heated air, or the 
produetB of Gombustien; 9)lmtMni%fMe(m»umedgae^ri9iiig 
ih ite turn to affect (mingle with) the oxygen of the air« 

^^If a glass tube be introduced within p. ^^ 
the flame of a lamp or candle (as represented 
in !Pig. 11), part of the unconsumed gaa 
passes through it, and may be kindled as it 
escapes.^' 

Berthier, vol. L, p. 177, observes, "The 
flame presents four distinct parts-: namely, 
first) the hose, of a sombre blue: this is 
the gas which bums with difficulty, because 
it has not yet acquired a sufficiently high 
temperature; secondly, an interior dark \ 
cone i this is combustible gas highly heated^ 
hut which does not hum^ because it is not mxed mth air; 
thirdly, the brilliant conical envelope: in* this part, com- 
bustion takes place with a deposit of carbon; fourthly, 
a conical envelope^ which gives but little light (' ires peu 
lumineuse*), surrounding the whole flame, extremely thin 
or attenuated (^ offirSmement ndneo^), Combuition is com* 
plete in this part) and it is at its contact with the luminous 
envelope that the temperature is the highest." 

Berzelius, vol. viii., p. 151, observes of the flame of a 
candle : — At its base we perceive a small part of a deep blue 
colour. In the middle is a dark part which contains the 
gas evolved from the wick, but which, not being yet in eontaei 
with the air^ cannot bum : outside of thia is the brilliant 
part of the flame. We also perceive on the confines of this 
latter a thinfaindy. luminous envelope, which becoipes 

c 2 
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larger towarda the summit of the flame. It is there that 
the flame is hottest. Dr. Thomson, in his work on *' Heat 
and Electricity/' and Dumas, in his " Traits de Chimie ap- 
pliqu^e aux Arts," give similar illustrations of the combus- 
tion of the gas in the flame of a candle. Dr. TTre obserree, 
" I^othing places in a clearer light the heedlessness of man- 
kind to the most instructiye lessons than their neglecting 
to perceive the difficulty of duly intermingling air with 
inflammable vapours, for the purpose of their combustion, 
as exhibited in the everyday occurrence of the flame of a 
tallow candle, or common oil lamp; for, though this aflame 
be in contact, externally, with a current of air created by 
itself, yet a large portion of the tallow and oil passes off 
unconsumed, with a great loss of the light and heat which 
they are capable of producing." 

It is here to be remarked, that notwithstanding the 
attention given to the subject by these chemical authorities, 
they have, nevertheless, omitted noticing the presence of 
the water produced by the combustion of the gas, and which 
will, herei^ter, be shown to be one of the most important 
products escaping from the furnace. This will be treated 
in a separate chapter. 

All these authorities agree in the main facts : firH, that 
the dark part in the centre of the flame is a body of uncon- 
sumed gas ready far comhuetiony and only waiting the 
preparatortf step— the mixing — the getting Uito contact with 
the oxygen of the air : eecondU/, that that portion of the gas 
in which the due mixing has been effected, forms but a thin 
fllm on the outside of such unconsumed gas : thirdly^ that the 
products of combustion form the transparent envelope, 
which may be perceived on close inspection : fourthly, that 
the collection of gas in the interior of the flame cannot bum 
there for want of oxygen. 

2iow these points involve the whole of the case of the 
yi<mac0 :-^they reveal the difference between perfect and 
imperfect combustion. The bodies of gas and air have, it is 
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truBfJree aeeess to each other : yet, time ia wmUmg for their 
due mixture. Thus, diffusion and combuation only pro* 
ceed, pari passUf as the constituent atoms of the gas, *^ iMng 
iheir twrn^* are enabled to get into contact with their 
respective equivalent atoms of atmospheric oxygen. 

I have not hitherto quoted Sir Humphry Davy on this 
head, for his whole ^' Besearches on Flame " go in corro- 
boration of the facts here stated, and the inferences drawn 
by so many competent authorities.* 

If, then, the unrestricted access of air to this small flame 
is not able, by the laws of diffusion, to form a due mixture 
in time for ignition, h fortiori, it cannot do so when the 
supply of air is reHricUd and that of the gas increased. 

Dr. Beid, speaking of the Argand lamp. Fig. 12, observes, 
that the intensity of the heat is augmented by causing the 
air to enter in the middle of a circular wick, or series of 

Fig. U. 




Fig. 13. 





* ''Inlookingstead&atly at flame,** heobeienreB, "the part vhere the 
combustible is Yolatilised is seen, and it appeals darker, contrasted with 
the part in which it legins to bnm, that is, where it is «o mixed wUK air 
as to become ezplosiTe." 
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ga»^^9f BO that more gas is eonsinQed lot^Am a given dpae^ 
than in tbe ordisDaTy maimer. 

But why is more gas ccmssmed wltMnihisfw^ ^paoef 
Solely because more oapabiKiy for miktore is affbided, and 
a greater number of aoeessible points of boniuct obtained, 
arising out 6f tihis series of jets. This' may be seen in Eig. 
13y where the inner suifacesy a a, are idioWn in addition to 
the outer ones h h. 

'' If the aperture/' he dbserves, ^ by which air is admitted 
into the interior of the flame be dosed j the flame immediately 
assumes the form shown in !Fig. 14 ; part of the stipply of 
air being thus cut off, it extends farther into the air before 
it meets with the oxygen necessary fin^itv.combustion." 

Here we trace the Imgth of the flame €o the diminished 
rate of mixing and combustion, occasioned by the' want of 
adequate access, within any giyen time, bet«reein the. gas and 
the air, a/nUl too l<Ue — ^untU the ascending current has 
carried them beyond the temperature required for chemical 
action ; the carbonaceous constituent then losing its gaseous 
character, assuming its former colour and state of a black 
pulverulent body, and becoming true smoke. 

In looking for a remedy for the eyils arising out of the 
hurried state of things which the interior of a furnace 
naturally presents, and observing the means by which the 
gas is effectually consumed in the Argand lamp, it seemed 
manifest, that, if the gas in the furnace could be presented, 
by means ofjets^ to an adeqiuite quantity of air, as it is in 
the lamp, the result would be the same. The difficulty of 
effecting a similar distribution of the gas in the furnace, by 
means of jets, however, seemed insurmountable : one alteiv 
native alone remained, namely, that, since the gas could not 
be introduced by jets into the body of air, the air might he 
introduced hg jeta into the hodg of gas. 

This, then, is the means which I adopt, and by which I 
effect a complete combustion of the gases in the furnace, as 
we do in the lamp. Professor Srande has so clearly de- 
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imbed the operation of the jet that I avail myaelf of his 
MBUoks in elucidation of the lesiilt; produced by a jet of air 
into a body of gas, and the analogy it bears to that of a jet 
of gas into a body of air.* 

This process meets the entire difficulties of the case as to 
time, current, temperature, and quantity. By this means 
the process of diffusion is hastened without the injurious 
effect of cooling : and which always takes place when the air 
is introduced by large orifices. 

The difference, then, between the application of air by 
means of the jet, and that of the ordinary action of the 
atmosphere, consists in the increased surface it presents for 
mutual contact in any giyen unit of tima Let Pig. 15 
represent the section of a candle and Tig. 16 that of a 
diffusion jet. In the former, the gas in the centre meets 
the air on the exterior. In the latter, the air in the centre, 

* "Each jet of air -which, you admit beoomes, as it were, the eovrce or 
centre of a separate flame, and the effect is exactly that of so many jets of 
inflammable or coal-gas ignited in the air ; only, in your fnmaoe^ you 
inTort thia ordinary state of things, and nse a jet of air thrown into an 
atmosphere of inflammable gas, thna making an experiment npon a large 
and practical, which I haye often made on a small and theoretical seale, in 
iUmirtntion of the inaccuracy of the common terms of ' combuiiibk * and 
*twpporter of eomlmationf* as ordinarily applied. 

*' I fill a bladder with coal-gas, and attach to it a jet, by which I bom 
a flame of thait gas in an atmosphere o( or a bell-glaBe fiUed with, oxygen ; 
of ooone the gas bnms brilliantly, and we call the gas the combustible^ and 
the oxygen the supporter of combustion. If I now inyert this common 
order of things, and fill the bladder with oxygen and the bell-glass 
with coal-gas, I find, that the jet of oxygen may be inflamed in the 
atmosphere of coal-gas with exactly the same general phenomena as when 
the jet of coahgas is inflamed in the atmosphere of cxygtn, Thia is pre- 
only your process. You admit a number of jets of ah into a heated, 
inflammable atmosphere, and so attain its combustion in such a way as to 
produce a great increase of heat, and, as a necessary consequence, destroy 
the smoke. You, in fact, conyert what is commonly called smoke into 
fuel, at the time tcKen and place where thia combustion can be most 
effiBctiyely brought about.*'— iVo/cMor Brafid^a Letter to the Author. 
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iaauing into the atmoephete of gas, enlarges its own area 
for contact mechaiiically, and conaequebtly, ita inonaaed 
meaaure of combuatioD. 



Thus ve see, that the value of the 3^ aiiaea firotn the 
circumstance of its creating, for iitelf, a larger surface for 
contact, by which a greater number of elementary atoms of 
the combustible and the supporter gain access to each other 
in aaj given time. 

Turn the matter, then, as we may, the question of perfect 
or imperfect combostioD, as far as human meana are to be 
applied, is one regarding the air, rather than the eombiutibU 
— the mode in which it may be introduced, rather than the 
quantUin supplied— the contact of atomt rather tiian of 
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Before condudiDg this notice on the mods of effecting the 
combufltion of the inflammable gases, it will be right to say 
a few words on some of those recommended by others; 
namely, snch as are founded on the erroneous idea, which 
appears to have laid hold of the minds of so many inventors 
of late yean, that the gases are consumable by being brought 
into contact with a body of ^^ glowing incandesoent fi^eV^ 
This will be inquired into more in detail when we come to 
examine the yarious plans of ''smoke-burning" furnaces 
and boilers. 

This erroneous notion of the supposed combustion of the 
gases (or smoke), by bringing them into contact with a 
mass of "glowing coals," appears to have originated with 
Watt ; and, having been adopted by Tredgold and others, 
has since passed into a recognised principle. It appears 
strange, that, while so many have taken this as their text, 
or adopted it as their starting-point, none of these inventors 
have examined, or even doubted, its correctness. Yet any 
chemical work of authority would have informed them of 
the well-estabUshed fact, that decomposition, not combustion, 
is the result of a high temperature applied to the hydro- 
carbon gases — ^that no possible degree of heat can consume 
carbon — and that its combustion is merely produced by, and 
is, in &ct, its union with, oxygen, which latter, however, 
they take little care to provide. 

It is the palpable oversight of this distinction that has led 

to that manifest chemical blunder — ^the supposing that the 

coal-gas in a furnace is to be turned by the act of bringing 

it into contact with bodies at a high temperature ; or, in the 

words of the patentees, by ''causing it to pass through^ over^ 

or among a body of hot^ glowing coals." Indeed, these 

words of Watt, "through, over, or among," have led more 

men astray, and have occasioned more waste of money, loss 

of time, and misapplication of talent than almost any other 

£slse light of the day. 

But, I have said, this erroneous view of the combustion 

3 
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otthe gases began with Watt. His pabent of 1785 folly 
jaatiftefikthiB assettion** In his specifiealdony after leiterating 
tbe injunction, that ''the smoke or flame is to pass oyer or 
tibrongh the ooked or ohaned part of the fiiel/' he:8ams up 
in these words: ''Lastly, my invention consists in the 
method of ^ofl«iim«fty ike smoke and inereating. the- heat by 
eotmng'ihe smohe and fiame of fresh fuel to past Hhrough 
tenf hot fitnneh or pipesj or among, through, or*ni^arfitel 
Hfkieh is intensely hot, and uihieh has ceaeed to smoke : " and 
then follows that part of his instructions which his successors 
have so strangely neglected, " and hj mixing it with fresh 
air, irhen in these drcnmstaaces." 

It is dear, Watt had a right conception of the' necessity 
fyf mixing air with the gas. 'His eiror lay in the extent to 
which he considered tiie appUoation of heat essential to its 
combustion. His foUowers and commentators have -neglected 
that part of his instructions in which 1^ was right — the 
" mixing witii fresh air;'' and have fixed their minds on that 
in which he was wrong — the bringing the gas or smoke 

* Watt's patent, of 1785 (see Repertory of Arts, toL iv., p. 226), con- 
sists ''in causing the smoke or flame of the fresh fael to pass, together with 
a cnrrent of fresh air, through, oyer, or among fuel which has ceased to 
smoke, or which is conrerted into coke, charcoal, or cinders, and which is 
intensely hot, hy which the smoke or grosser iiarts of the' flame, by oom^g 
dose into contact with, or by being hnrnght ixwt onto, the laid intensely 
hot foel, and by being mixed with the cnrrent of frtibh or luibnmt air, are 
consumed or converted into heat, or into pure flame, free from smoke. I 
put this in practice by constructing the flre-place in such a manner that the 
flame and the air which animates tho fire must pass downwards, or 
laterally, or horizontally through the hum^ fud. In some cases, after 
the flame baa passed through the burning fuel, I oaifie it to pass throngh 
a yery hot fmmel, flue, or oren j before it comes to the bottom of the boiler, 
by which means the smoke is still more ^eelwUly wnawned" Neglecting 
the sound, and adopting the unsound part of Watt's specification, several 
patents have, of late years, been taken out in the very words of the above. 
In one of these, by means of double furnaces, one above the other, the gas 
generated in the upper one is actually forced or drawn down by artificial 
enireats through the ignited ftiel in the lower one. 
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'^ikroughy over, or omoft^ intensely hot fuel.'* So much, 
indeed, was Watt impressed with the importance of intense 
heat, that he actuallj provides hoth for the ^^ fresh air** and 
the gat passing through the hot fuel on the bars ; overlooking 
the facts, that, in that event, the air would no longer remain 
pure; and that no heat to which he could introduce the air 
or smoke could equal that created in the furnace bj the 
veiy act of union between the air and the gas ; but which 
he erroneously imagines can be aided by the heat of the 
"^ charred part of the fuel." 

Thus, we see the very words of Watt, where he was in 
errw, have been* adopted to express the main, and, in many 
instances, the only feature of these smoke-boming patents ; 
wiuis'tifae judieious part of his instraetions has been unac- 
oovntably omdtted. 

• I need only say, chemistry has since taught that the 
whole pBOcesB is injurious ; and that, if the introduction of 
the atr be properly managed, the necessary heat for effecting 
cmnbiiBtiQn will never be wanting in the furnace. 

The mere enunoiation, tiien, of a plan for ^^eommning 
emoke" is primdjveie evidence that the inventor has not 
sdffisientiy considered the subject in its ehemiaal relations. 
Ohemists cm understandd plan for the prevention of smoke^ 
but as to its eomhustiony it- is so unscientific, not to say 
impoBsibley that such pfariuieology should be avoided. The 
popular and eonventional phrase, ''a furnace burning its 
own smoke/' may be allowed as conveying an intelligible 
'meBn]ng;'but, in a scientific work, or fiom one professing 
to teach those who cannot distinguish for themselves, and 
who may thus be led into errors it is wholly objectionable. 
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SECOND PART. 

1 

CHAPTER I. 

ox* THE PBnrCIPLBS OK WHIOH BOILSIIB AND THBIB 
7UBKA0XB HAYS BITHXBTO BSEK COKSTBUOIJBI). 

HATnre, in the preceding part of this Gl^reatiae^ examined 
the subject in reference to its chemical relations, we have 
now, in this second part, to consider its application prac' 
ticalUff in the constraction of steam-boilers and their 
furnaces. 

It will not be diiSputed, that before we are in a. positimi 
to decide on the necessary proportions of any vessel, we 
should first understand the purposes to which it is destined* 
Hitherto, although the combustion of bituminous coal is 
admitted to be of the most complex character, neyertheless, 
in apportioning the several parts of furnaces in which those 
operations are to be conducted, the Elide-rule has too often 
been allowed to supersede the rule of chemical equtodUniB^ 

Until 1841, there was no publidlied work in which the 
combustion of coal, on the scale of the furnace, was treated 
with reference to its division into the gaeetme and eoUd 
states, and the requirements peculiar to each. The only 
consideration appeared to be, the giving the coal ^ a free 
supply of atmoepherie air." Watt, and others since his 
time, have acknowledged the practical difficulty of so intro- 
ducing the air as to effect perfect combustion; still, no 
consideration has been given to the necessity of providing 
separate supplies to the constituents of the coal, in their 
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separate states. In laboratoiy practice (by which we must 
sabmit to be instmcted) nothing would be considered more 
anomalous, or eren absurd, than dealing with any bodies in 
nature without giving attention to the nature of their 
constituent parts respectiyely ; nevertheless, we affect to 
economise fuel, and produce its perfect combustion, yet give 
attention, exdusiyely, to the sereral parts of the boiler in 
their mere m&ehameal proportions. Mechanical details, how- 
ever, must yield to those of chemistry. 

While the enlightened mind of Watt was directed to the 
employment of Steam as a medianical agent, in the develop- 
ment of power, we see him also studying the phenomena of 
nature in the generation and application of heat, ooncuiv 
rently with those mechanical arrangements, by which it waa 
to be made practically available. Instead of limiting his 
views to mere proportions, he regarded them only as they 
were — subservient to scientific considerations. He went 
elaborately into all that belonged to the character and 
constituents of solid, fluid, and gaseous matter, as fiir as the 
yery limited chemical knowledge of the time admitted; and 
it was in the course of these scientific researches that he 
became the true discoyerer of the constituents of water. 
He examined the laws which goyemed its temperature and 
yolume; its expansive force as steam; and the measure of 
that heat which was again to be surrendered under the 
process of condensation. In eyerything we find his compre- 
hensiye mind keeping scientific inquiries, and mechanical 
appliances in view. Here, then, we have a sound and 
practical course suggested, and under which alone we may 
hope to bring our labours to a successful issue* 

The inquiry before us cannot be confined to a mere com- 
parison of the seyeral descriptions of boilers, mechanically 
considered. The merits on which, respectively, they rest 
their claims, must be examined with reference to other 
data, viz., their relation to the perfect combustion of the 
fuel employed — ^the generating the largest measure of heat 
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— and so spplying it; as to prodace the largest Tohune of 
steam. Apart from these oonsiderations, indeed, there is 
little scope for inquiry. All boilers have their fumaoes 
and grate-bars, on lehieh the fuel is plaoed ; their flaesy 'Or 
tubes through which the flame or gaseous products hare to 
pass ; and the chimney by which those produets mte to be 
carried away, and l^e necessaiy draught obtained. 
' Hitherto, those who have made boilex^making a separate 
branch of manufisu^ture, have given too much attention to 
mere reloHve propoHions. One class place reliance on 
enlarged grate surface; another, on large absorbing sur- 
faces; while a third demand, as the grand panacea, " hoiier 
room onouffhf** Without, however, explaining what that 
means. Among modem treatises on Boilers, this principle 
of room enough seems to have absorbed all other con- 
siderations, and the requisites, in general terms, are tinis 
summed up : 

1st. Sufficientatnount of internal heating sur&ce; 

2nd. Sufficiently roomy furnace ; 

drd. Sufficient air-space between tiie bars ; 

4th. Sufficient area in the tubes or flues ; and 

6th. Sufficiently larger flre-bar surface. 

In simpler terms, these amount to • the tnttsm*— give 
sufficient siise to all the parts, and thus avoid being deficient 
in any. 

So gravely is this question of relative proportions insisted 
on, (hat we find many treatises On the use of Coal, and the 
construction of Boilers, laying down rules with mathe- 
matical precision, giving precise formulae for their caleu- 
lations ; and even fleeting to determine the working power 
of a steam-engine, by a mere reference to the size of the 
fire-grate, and the internal areaa and surfaoes of the boiler. 
Yet, during this apparent search after certainty, omitting 
all inquiry respecl^g the processes or operations to be 
carried on within them. 

Among those in which the subject has been treated in 
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tiid most detailed maimer, it will be suffident to refer to 
the' work of Dr^ Lardner, whoee iUustratioiia as a popular 
tmter bate peeoliar merit, and wbose rtatements may be 
considered as a sommary of tbe practice wbieh generally 
pverailB. In bis work on ^'Tbe Steam-Engine," wbile 
commenting on *' the want of general principles,*' be falls, 
imconsekmsly, into neglect of the rery principles on whicb 
aione tbe inquiry ebonld be based. Cai^g tbem prineiplesy 
be biys down a series of nilesj or data, wMcb refer, exdu- 
siyely, to meehanieal proportions; but wbicb fumisb no 
guide to tbe inrolred opentfims to be effected by tbeir 
meaois. His rules for tbe <^mstva0tlon of Boilers are tbns 
dogmatically laid down. 

Jbr every eubie foot of water to be evaporated per houTj 
allow — one sqnare«foot of grate-bar; one sqnare^yard of 
besting surface ; ten cabic feet of wateivBpace ; fire sqnare- 
feet of water-surface ; ten cubic feet of steamnipace. 

Here we bave all tbe proportions laid down and squared, 
aoeordtng to rule, as if it were tbe proportions of a building 
tbat were under considenKtion, ratber tban of vessels, in 
wUoh complicated cbemical processes were to be oonducted. 
These rules, bowever, will not teacb us bow best to effect 
the combustion of any given weight of fuel, or increase 
the generation*, transmission, or absorption, of any given 
quantity of beat. We bave here laid down a scale of 
internal proportions, bnt no clue to tbat of tbe beat 
generative effect of a square-foot of grate-bar, or tbe beat 
transmitting power of a square-yard on internal surface. 

It may, indeed, be asked, what relation a square^foot of 
grate-bar can have to a cubic-foot of water ; or to any given 
weight of fuel ? We know that under different circum- 
stances, treble, or quadruple tbe amount of these propor- 
tions may be benefieiaUy, or iiQuriously, found in practice ; 
and that even douUe tbe weight of fuel may be more 
advttitageously consumed, on a given area of grate-bars, in 
one dflss of boSers than could be effected in another. 
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In trutby the weight of fuel to be consumed has no 
legitimate relation to the space on which it maj be laid, and 
depends on other considerations, viz., on the quantity of air 
passing through it, the time employed, and the weight of 
oxygen taken up by the several constituents of the fuel 
reepectively. 

Again, it may be asked, what relation a square-yard of 
heating surface has to the transmission of any given 
quantity of heat, or the generation of any given quantity of 
steam? 

It is strange that so astute an observer (for Dr. Lardner 
does not affect to be an authority), should have omitted all 
reference to those processes and tests, by which alone a 
correct estimate could be made of the effective value, 
chemically or commercially, of any one of the proportions 
he has given; or the relation they bear to the functions of 
the furnaces or flues of a boiler. He has given no due to 
the temperature produced in any part ; yet temperature is 
the very element and measure of efficiency. His calcula* 
tions, in fact, have no value except on the assumed, but 
utterly erroneous data, that each square-foot of bar-8ur£Euse 
was equivalent to the perfect combustion of a given weight 
of fuel, and the generation of a given quantity of heat in a 
given time ; and that every square-yard of intenud surfiM^e 
must, necessarily, be brought into action, and received* as 
equivalent to the transmission of a given quantity of heat. 
He has also omitted reference to the influence which internal 
areas have on the circulation of the water, and the rektive 
volumes of air to be supplied, or of gas generated, con- 
sumed, or wasted. Now, the magnitudes and quantities 
which here really require to be calculated are chemical, not 
maihematical* They are not those of flue-surfaces, or grate- 
bars, but of the bodies to be introduced to them, the 
quantities in which they respectively combine, and the 
heat evolved, applied, or lost. If these quantities can be 
expressed in the terms of an equation, let it be given. It 
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cannot fail of being uBeful, at least in one respect. It will 
enable the boiler-maker to appreciate the small degree of 
confidence to which these theories are entitled. 

In a modem treatise on the oonstroction and proportions 
of Steam-boilers, we find the slide-rale endowed with eztra- 
ordlnaiy properties. In illustration of the utter inapplica- 
bility of such a mode of proceeding, let us but imagine 
Professors Brande or Faraday desirous of producing, on a 
large scale, carbonic acid and water. What would be their 
reply, if adyiaed that a practical boiler-maker was the 
person best qualified to instruct them as to the relative 
areas and proportions of the vessels to be employed, and 
that the ilideTule would save them mnch trouble, inasmuch 
as it would supply the true principle which should goyem 
those proportionsP Yet these processes are identically 
those which are carried on by the combustion of coal in our 
furnaces. When, therefore, we see the attention of the 
practical boiler-maker 'thus directed to mere mechanical 
data, can we be surprised that the chemistry of combustion 
has been virtually ignored, and made to give way to calcu* 
lations drawn firom the 9Ud&-ruleT 

Setting aside these puerilities, the inquiry must be 
directed not to the several parts of a Boiler, but to the 
puirpoiM and Jtinctiafu for which each part is to be con- 
structed. Investigations conducted in this spirit, and with 
the aid which the eye^ the jpyrameter^ and the thermometer 
supply, would soon indicate, not only what should be done, 
but what should be avoided \ and show that what was well 
adapted to one class of boilers or furnaces, or one descrip- 
tion of fuel, might chemically, practically, and economically, 
be the reverse as regarded other dasses. 
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CHAPTER II. 

OF THE rUSNAX^E, AND THE SSLATIOK WHICH ITS SSTESAL 
PABT8 BEAB TO THE OPEBATIONS CABBISB ON WITHIN IT. 

Ik oozuddering the fimiace and its appendages, it will be 
necessary to distinguish the functions of each part separately, 
to AToid ajttaching duties, or attributing fiulure, to any one 
of them, f6r which another should be acoonntable. 

In the combustion of bituminous coal we haye seen there 
sro two distinct bodies to be dealt with, the one a solids the 
other a gaseous body, tiiese necessarily requizing distinct 
processes. 

On a charge of eoal being thrown into a fiimace, tibe heat 
by which the distiUatory, Or gas^fjea^rating ^rOee^s is 
effected, is derired from the rsmmning portion of ike prooious 
sJuuye, tiien in an incandescent state on the bars. This 
process corresponds with whattakes place in the gas works, 
where the coal inside the retorts is acted on by the incan- 
descent fuel outoide of them. Xhis demand for heat in the 
furnace is, howeyer, confined to the commencement of the 
operation with each chlarge. The heat required for continued 
gastfadion is, or on^t to be, obtained chiefly from ihefiame 
itself; as in the case of a candle, where the gaaifaction of 
the tallow in the wiok is derived from {he heat of its own 
flame* This operation shows the importance of sustaining 
a sufficient body of incandescent f ud on the bars ; and in 
particular, when a fipesh charge is about to be thrown in. 
Allowing the fire to run too low, before a fresh charge, must 
be attended with the same injurious effects as allowing the 
heat which surrounds the retorts to fall below what would 
be required for the continuous and uninterrupted generation 
of gas after they are recharged ; — ^namely, loss of time and 
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AOif : the object being, in both cases, to obtain the greatest 
^putntity of gas from a giren ^weight of coal, in a given time. 

With refersnoe to the propoitionB of the several parts of 
a'fcrnace, we haye two points requiring attention ; first, the 
enpeifieidlarea of the grate, for the retaining the solid fdelor 
ocke; and, second, the eeetional area of the chamber above 
thejkel, for receiying the gaseous portion of the coal. 

As to the area of the grate'bare, seeing that it is a scUd 
MR^tfaat is to be laid on them, regninng no mcnre space 
than it actually covers at a given depth, it is^alone important 
that it be fwt too large. On the other hand« as to the area 
qfihe ehanUfer above the coal, seeing that it is to be occu- 
pied by a gaeeous body, requiring room for its rapidly 
enlarging volume, it is important that it be 110^ ^o MfoS.. 
Wtth refe^oaee to the. areas of the other parts of the boiler, 
it 10 manifestly impossible, a priori^ or with any pretensions 
to eorrectness, to ky down specific voles, since the weight of 
ftiel Aat may be placed, or consumed,' on any square foot of 
such sui&ce, must depend on numerous other contingencies, 
indeed, to lay down any inflexible rule of proportions would 
be as inappropiiate as to impose on the chemist certain 
matiiematical fimnula for the shapes or capacities of the 
vessels employed in the laboratory. 60 soon as all that 
belongs to the introduction of air to the two dittinct bodice to 
be toneumed (the gas and the coke,) shall have become 
sysiematised in practice, the supposed difficulties in the 
lyport iom ng of sizes and areas will vanish, and the effecting 
perfect oombustion in the fumaoe will become as much a 
matter of course as it now is in our gaa bumere. So long, 
however, as beginning at the wrong end of the question, we 
attempt determining the proportions of the several parts of 
the vessels to be employed, btfore we have considered what 
iatobe done within them, we must continue in our present 
state of uncertainty. 

As to the best proportion for the grate, this will be the 
easiest of adjustment, as a little observation will soon enable 
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the engineer to determine the extent to which he maj 
increase, or diminish^ the length ef the Jumaee, In this 
respect, the great desideratum consists in confining that 
length within such limits that it shall, at all timee, be well 
and un^farrnkf covered. This is the absolute condition, and 
sine qua non of economy and efficiency; vet it is the very 
condition which, in practice, is the most neglected. Indeed, 
the failure and uncertaintj which has attended many 
anxiously conducted experiments has most frequently arisen 
from the neglect of this one condition. 

If the grate-bars be not equally and well covered, the air 
will enter in irregular and rapid streams or masses, through 
the uncoYcred psrts, and at the very time when it should be 
Aere most restricted. Such a state of things at once bids 
defiance to all regulation or control. Now, on the control 
of the supply of air depends all that human skill can do in 
effecting perfect combustion and economy ; and, until the 
supply of fuel and the quantity on the bars be regulated, it 
will be impossible to control the admission of the air.* 

On this head, it is of eyery day occurrence that complaints 
are made of the introduction of the air being attended with 
decreased evaporation, or increased consumption of fuel. 
The complainants, however, should understand that they are 
themselves the direct cause of these effects, and by mere 
inattention to the state of the Jumaces, They overlook the 
fiict, that while they are complaining of the effects produced 
by the introduction of certain limiied quantities of air in the 
riyht place, they allow their firemen to leave much of the 
furnace-grate uncovered ; thus affording the shortest and 
hottest possible route for the introduction, perhaps, of 
double the volume that could possibly be required. 

Of the great waste of heat and the consequent reduction 

* This neoessarily saggests the importance of foeding the furnaoe bj 
mechanical meant* Here, then, is a legitimate direction for the ingenuity 
of patentees. The principles on vhich a mechAnical feeder should be 
bftsed vUl be hereafter oouddered. 
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of temperatuie in the flues, arlsisg from the single circum- 
stance of allowing the incandescent fuel, towards the end of 
the charge, to run too hw, or be irregularly distributed, the 
experiment of Mr. Houldsworth, as shewn in the annexed 
diagram, is highly instrnctiye, and merits the most attentive 
consideration. This experiment was made expressly for the 
British Association assembled at Manchester, in 1842. 
(See plate 1.) 

By this diagram, it will be seen that on a charge of 3 cwt. 
of coal being thrown on the furnace, the temperature in the 
flue (as indicated by the pyrometer) rose, in 25 minutes, 
from 750° to 1220% when it began to fall, and descended to 
' 1040°, the fiiel not ha/oing been disturbed during 75 minutes. 
At this stage, however, a remarkable change took place. 
Perceiving the temperature in the flue to have become so 
low, Mr. Houldsworth had *' the fuel levelled,*^ that is, had 
it more equally distributed, and the vacamt spaces covered. 
The effect was (as shewn in the diagram) the sudden rise in 
the temperature from 1040° to 1150°, at which it continued 
during ten minutes, when it gradually fell to 850°. 

The upper line of the diagram represents range of tem- 
perature, air being admitted. 

The lower line of the same represents range of tempera- 
ture, air being included, common plan. 

Two important questions are here raised, viz.. Why 
did the temperature in the flue fall, after 25 minutes, 
from 1220° to 1040° P and why did it suddenly rise to 
1150° P — nothing whatever having been done, with the excep- 
tion of this one movement^ the having ** the fuel levelled^ 
This movement, however, is the key to the whole, — ^an 
increase of temperature of no less than 110° being thus 
obtained in the short space of 2^ minutes, not by any addi- 
tion of friel, or mere rapid combustion, but merely as the 
result of having '^ the fuel levelled.^* The causes of these 
remarkable alterations of temperature then were, first, the 
admission of an excess of air in irregular and uncontrolled 
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quanHHet through the uncovered poriiom of the hare ;— and, 
second, the mere check put to thut evil by their being moie 
equally ooTered with the fiieL>* 



* As the use of tiie pyrometer is of tlie highest importMicei net merely 
or experimental pnrpofesy but for all boilen^ and for general use, when'^ 
eyer it can he introdnoed, the simple hutTaliiable instmxneiit vhidh is 
used by Mr. Houldsworth, and by which he obtained the above resnlfca, is 
here giTcn from an interesting paper on *" The Consumption of Fuel and 
the Freyention of Smoke,*' read before the British Association by William 
Fturbnm, Esq., O.B., F.R.S. 

'< For these experiments W9 are indebted to Mr. Henry Honldsvorth, of 
Manchester ; and, haying been present at sereral of t)ie exparimoatv, I can 
yoach for the accnraoy with, which they were conducted, and. fox the yeiy 
satisfactory and important results deduced therefrom. 

''In giying an account of Mr. Houldsworth'e experiments, it will be 
necessaiy to describe the instrument by which they were made, and also 
to show the methods adopted for indicating the temperature^ and the 
dianges whloh teke place in the surrounding flues. 

Pybomstsb. 

Fig. 18. 




''The apparatus consisto of a mmple pyrometer, with a small bar of 
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It i» here to be obserred that when a clui]*ge is neady 
exhausted, or begins to bum in hole9f the evil increases 
itself by the aceeleiated jrapidity with which the air enlarges 



copper or iron (a in the preTions sketch) fixed at the extreme end of the 
boiler, and projecting through the briclc-vork in front, where it is jointed to 
the arm of an index lerer h, to which it gives motion when it expaada or 
ooQtraciB \tj the heat of the floe, 

"The instrument being thus prepared, and the bar sapported by iron 
pegs driven into the side walls of the fine, the lever (which is kept tight 
npon the bar at the point e by means of a small weight over the pulley at 
d) is attached, and motion ensues. The long arm of the lever at d gives 
motion to the sliding rod and pencil /, and by thns presnng on the peri- 
ph«ry of a alowly revolving cylinder, a line is inscribed corresponding with 
the measmemaiita of the bng arm of the lever, and indicating the variable 
degrees of tempemtnre by the expansion and contraetion of the bar. Upon 
the cylinder is fixed a sheet of paper, on which a daily record of the teoi* 
peratnre beoomea inscribed and on which are exhibited the change as well 
as the intensiiy of heat in the flues at eveiy moment of time. In using this 
instroment it has been usual to fix it at the medium temperature of 1000% 
which, it will be obaerYed, is an assumed degree of the intensity of heat^ 
but a sufficiently near approximation to the actual temperature for the 
pnipoae of aieertaining ike vanation» ^iek takeftaee imdUthe deferent 
Haget of combustion consejueni upon tKe ckds of chourging, stirting, and 
raking thejira.** 

Mr. Fairbum then gives two interesting diagrams exemplifying the 
result of experiments nuule by the aid of the pyrometer, and con- 
tinnes : — 

" On a careful examination of the diagrams, it will be found that the 
first was traced without any admixture of , air except that taken through the 
grate-bavs ; the other was inscribed with an opening for the admission of 
air through a diffusing plate behind the bridge,, as recommended by Mr. C. 
W. ^I^^lliams. The latter, No. II., presents very different figures: the 
maxiTnum and tninnniim points of temperature being much wider apart in 
the one than the othar, as also the fluctuations which indicate a much 
higher temperatwe^ reaching as high as 1400% and seldom descending 
lower than 1000% giving the mean of 1160^ 

''Now, on comparing No. IL with No. I., where no air is admitted, it 
win be found that the whole of the tracings exhibit a descending tempera- 
ture, seldom rising above 1100° and often descending below 900% the mean 
of which is 975^. Tbis depression indicates a defective state in the process^ 
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the orifices it has thus made for its own admissioiif causing 
a still more rapid combustion of the fuel around the unco- 
vered parts, and at the very time when these orifices should 
have been closed. 

Had it been possible, in Mr. Houldsworth's experiment, 
to have preserved the fuel continuously, and untformhf 
spread, throughout the charge of 100 minutes, the diagram 
would have indicated a more uniform line of temperature, 
as marJced ly the dotted line, and, consequently, have pro- 
duced a higher average range of heat in the fiue. 

M. Feclet,* in his elaborate work, appears to have given 

and altbough a greater quantity of coal was counimed (2000 lbs. in 896 
minntes in the No. II. experiment, and 1840 lbs. in 406 minutes in 
No. I.,) yet the disparity is too great when the difleienoe of tempeia- 
tn^ and loss of heat are taken into consideration. As a fnither proof 
of the imperfections of No. I. disgram, it is only necessaiy to com* 
pare the quantities of water evaporated in each, in order to ascertain 
the difference, where in No. L experiment 5*05 lbs. of water are erapo- 
rated to the pound of coal, and in No. It. one-half more, or 7*7 lbs. is 
the result. 

" Mr. Houldsworth estimates the advantages gsined by the admission of 
air (when properly regulated) at 85 per cent., and when passed through a 
fixed aperture of 48 square inches, at 84 per cent. This is a near approxi* 
mation to the mean of fire experiments, which, according to the preceding 
table, gives 83} per cent., which probably approaches as near the maximum 
as can be expected under all the changes and vicissitudes which take place 
in general practice.*' 

Here are practical results from unexceptionable quarters, and although 
they have been so many years before the public, nevertheless, smoke bum* 
ing observations and hot air &Uaeies continue to be listened to, and dearly 
paid for. 

* " To produce a good and usefbl effect, furnaces should, at all times, 
bum the same quantity of fuel, since the variations in the consumption, caused 
1^ the use of dampers, which cannot be made to follow the variations in the 
thieknesa qf Uiehed offud, always cause the passage of a large volume 
of air that would be unnecessary for combustion." 

Again he observes, — *< I am conrineed, that in a great number of steam- 
Ixnlers, more tiian a third of the heat is lost, principally by the introdne- 
tion of too great an excess of air. It is evident, that to this drcumstanoe 
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mxuh attention to the necessity of haying the fuel on the 
ham at all times, in the most uniform state, and thus 
avoiding any irregular or ezoessiye local admission of air. 

With reference to the rate of combustion, and the weight 
ci foel to be hiid on each square foot of bar-surface, this 
continues to be a debated point. Mr. Craddock, in a late 
publication (On ^e OkemMry qfthe Steam Engine^ Fractu 
catty Oofmdered), observes: — ^'^ There would be no great 
diffoienee in the steam-generating efficiency of a large 
grate-surface and a slow draught, or a small grate-surface 
and a very quick draught, as in our present locomotives." 

No correct inference, however, can be drawn from this 
statement, as he has omitted to explain what is meant by 
the term ^efficieney" Whether it has reference to the fitel 
employed, or the time employed : — to the toeight of water 
evaporated by a given weight of fuel, or the time occupied in 
producing that effect. 8low eombuetion will be most 
economical as regards the fuel employed, as in the Cornish 
boilers ; while quieh combuetion wiU be most so as regards 
the time employed, as in the locomotive and marine boiler. 
As the foeiyht of the tDoter evaporated is in the one case 
over-rated, so the time employed is under'Toted in the other. 
The mean between the two fabe estimates will then be the 
true exponent of the relative commercial value of the two 
operations. 

The view of the subject, as stated by Mr. Craddock, is 
certainly not supported in practice. By spreading fuel over 
'* a very large surface," the facilities are increased for the 
admission of a local and wasteful excess of air in numerous 

may be ftttribated the eingaiftr fact obserred by many EDgineera, —that in 
certain deaeriptions of boilers, the effect produced by the inrfaoea which are 
heated by contact with the bnmt air, (as in the tnbes) is but one-third part 
of that prodnoed by those surfaoes which are heated by radiation, as in the 
fire-box or furnace.** — Traits de la ChdUur, connderSe dan$ $ea Applica- 
tumg, par E. Pielet, Inapeetmw Oeneral de VUniverntS, ofpUquie aux 
Artid VEeole CciUraXt, Ac, Pans, 
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email, but aggregatelj large, quantities, the injuriouB effect 
of which in iheflttea cannot be too stronglj enforced, as was 
so clearly demonstrated in the pyrometer experiment of 
Mr. Houldsworth. 

It is true, by these mechanical contrivances, by which the 
fuel is thinly and continuously spread over a large surface, 
there iK;ould be less tendency to the formation of dense 
smoke, because the quantity of air introduced over that 
extended surface, being so much greater than is chemically 
required, the volume of flame is considerably reduced, and, 
consequently, the volume of smoke.* We must not, how- 
ever, deceive ourselves in this matter. The avoidance of 
dense smoke by these means must be attended with the 
production of less available flame and heat, relatively with 
the area on which the fuel is spread, from the extended and 
attenuated temperature in the furnace chamber. 

Many trustworthy manufacturers, having tried the system 
of revolving grates, moving bars, and self-acting feeders, and 
having found them unaccompanied with the nuisance of 
smoke, are hence led to infer that they have produced perfect 
combustion of the fuel, and economy in its application. This 
error will be commented on in the succeeding chapters. 
Without derogating from the merit due to such inventions, 
mechanically and practically considered, it will, however, be 
found that these, and such appliances, are but expedients 
for avoiding the consequences of the first error, namely, the 
neglect of supplying the gaseous products of the coal unth its 

* A fAmilUr illnstiation of tbiB may ^ Men in the flame of a candle. If 
we walk gently, carrying a candle, tlie current of air induced by our 
motion oooIb the flame. The upper part then becomes red, and is eon- 
verted into a stream of smoke. I^ howcTer, we walk briskly along, 
that elongated lurid flame becomes suddenly short, clear, and without 
smoke. This change arises from the great acoess of air to which the 
flame was then exposed. This is precisely the effect produced by in- 
troducing an excess of air through an extended, but thin, body of fuel 
on the bars. 
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proper quantity of air in the right way. In a word, haying 
first made a serious blander, we endeavour to escape its 
consequences by ingenious and even costly contrivances, 
and actually bestow on them the merit of having rightly 
worked out the ends and processes of nature. Yet, with 
equal truth might we designate the nostrums of quacks as 
the true means of securing a healthy state of body, while 
they were but so many palliatives of the effect of previous or 
habitual errors. 

Having spoken of the grate-bar suffaee, and what is 
placed on it, we have next to consider the chamber part of 
the iumace, and what is formed therein. In marine and 
cylindrical land boilers, this chamber is invariably made too 
shallow and too restricted. 

The proportions allowed are indeed so limited as to give 
it rather the character of a large tube, whose only function 
should be, the allowing the combustible gases to pass 
through it, rather than that of a chamber, in which a series 
of consecutive chemical processes were to be conducted. 
Such furnaces, by their diminished areas, have also this 
injurious tendency, — ^that they increase the already too 
great rapidity of the current through them. The defect of 
insufficient capacity in the chamber of the furnace, above 
the fuel, will be best appreciated when we consider that in 
it the gases are generated, — ^their constituents separated, — 
each brought into contact with the oxygen of the air, — ^and, 
finally, their combustion efiected. 

The constructing the furnace chamber so shallow, and 
with such inadequate capacity, appears to have arisen from 
the idea, that the nearer the body to be heated was brought 
to the source of heat, the greater would be the quantity 
received. This is no doubt true when we present a body to 
be heated in front of a fire. When, however, the approach 
of the colder body will have the direct effect of interfering 
with the processes of nature (as in gaseous combustion), it 
mast manifestly be injurious. Absolute contact with flame 

D 2 
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should be avwded where the object is to oltain all tie ieaf 
which oould be produced hy the oombiution of the entire of 
the owDstitueiitB of the fuel.* 



" Od this point Dr. lire obserres, " When a Txriler i« set otot ft fire, i1« 
bottom aliDiiIi! not be let loo near the grate, lot it refrigerate llie Baaie, 
and pnrent that TiTid oombnftion of the foel u en«nUal to the maximnm 
prodnotion of but b; its meuu. The eril influence of iMTiog too Lttle 
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When, howeTor, the object is merely to raise a body to a 
high temp^atttre by looal application, as when we heat a 
bar of iron in a forge, or a flame, and without reference to 
the quantity of heat produced and wasted ; in such cases, 
direct contact becomes necessary^ So mueh, howerer, has 
the supposed value of near approach, and eren impact, pre- 
Tailed, that we find the space behind the bridge, frequently 
made but a few inches deep, and bearing the orthodox tilie 
of thejlame bed, as in Eig. 19. Sounder views, however, 
have shown that it should have been made* capacious, and 
the impact of the flame av(Hded« This will be enlarged on 
hereafter. 

So little attention has been given to this part of the 
subject, that we find the practice adopted in locomotive 
furnaces is directly at variance with that in marine and land 
boilers. In marine furnaces, using bitmninous coal, and 
where, for chemical reasons, large capacity in the chamber is 
an absolute essential, it is, nevertheless, made shallow^ 
narrow, and long. In locomotiveSf on the contrary, where no 
similar gaseous operations are carried on, the chamber 
(called the fire box) is deep, wide, and shcri. Thus the 
former is deficient in the capacity which is there an 
essential ; while the latter has it in abundance, though not 
absolutely neoessary. 

This anomaly is iUustntive of the absenee of iiae inqmrj 
when the locamoHwe tubular system was inadvertently intro- 
duced into marine boilers, as will be shown hereafter. It is 

room between the grate and the copper may be ilhutrated hj a verj simple 
ezperiment. If a maU eopper or poreekia eaprali^ aontainiag vateri be 
held oyer ihe ibme of a eaadlo a little above its apoi^'ihe iaaa witt* safl^ 
no abatement of bnghtness or nse^ but will oonl^ne to keep iho 'water 
briskly boiling. If the capsule be now lowered into ihe middle of the 
Jiame,. this will immediate^ lose lie brightness, becoming dull and smoky, 
covering the bottom of the capsule with soot ; and owing to the imperfeet 
oombustion, though the w«teor is now smvounded by the flame^ its ebul- 
lition wiU '• 
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here only necessary to add, that as hituminous coal cannot 
efficiently, or economically, be employed, except on the con- 
dition that the gaseous as well as the Jixed parHon be 
supplied with the air necessary for combustion ; so it is 
essential that adequate space, or area, be proyided in the 
furnace for the due performance of such duties. 

As a general rule, deduced irom practice, it may be 
stated, that the depth between the bars and the crown 
of the furnace should not be less than two feet 9is 
inches yirhere the grate is but four feet long; increasing 
in the same ratio where the length is greater: and, 
secondly, that the depth below the bars should not be less, 
although depth is not there so essential either practically or 
chemically. 



CHAPTER III. 

01* THE IKTBODTIOTION OF THE AIB TO THE COK£, OB 
TIXED FOBTIOBT OP THE COAL IK A FUBITACE, PBAC- 
TIOALLY OOirsrOEBBI). 

With reference to the Tolume of air required for the 
combustion of the coke of a ton weight of coal, independently 
of the ffoe, there can be neither doubt nor difficulty. There 
is but one body, or combustible' to be dealt with, yiz., the 
carbon : so there is but one supporter of combustion required 
— the oxygen of the air. Any difficulty that may arise, there- 
fore, in practice, cannot be a chemical one, and must be the 
result of some impediment mechanically introduced. 

We hare seen that in combustion, atmospheric air is the 
largest ingredient ; yet, it is just the one to which, practi-' 
calhf, the least attention is giTcn, either as to quantity or 
control. This surdy is not in accordance with the scientific 
status of the age. Indeed, the practice of the present day 
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is in direct opposition to what science dictates ; and maj be 
compared to that of a chemist, who, though requiring precise 
proportions and equivalents, both in weight and Tolume, of 
two ingredients, for producing a given result, should never- 
theless be particular as to providing the one^ but regardless 
as to the other. 

Mr. Craddock, with the view of refuting the objections to 
the tubular boiler, observes, " If chemistry did not teach us 
that the rate of combustion produced in the furnace is 
dependent on the quantity cf air pasting through it, every 
day's ' experience would soon convince us of this." I^ow, 
chemistry certainly does not teach, nor does experience 
justify, any such inference. What both teach is this, that 
combustion depends not on the quantity of air passing 
through it, but on the weight of oxygen which is taken 
up in the passage. In truth, the quantity of air passing 
through it may be even destructive of combustion when 
in excess of the demand of the fuel, if improperly intro- 
duced. 

Again, he observes, ''This being the case, the matter 
stands thus : — the quantity of heat generated is dependent 
upon the quantity of air admitted : so also is the quantity of 
steam produced dependent upon the greater or less intensity 
of the fire." 

Neither chemistry nor experience justify these inferences. 
The quantity of ''heat generated" is dependent on the 
relative weight of hydrogen first, and carbon afterwards, 
chemically combined with their equivalent weights of atmos- 
pheric oxygen. The quantity of air admitted may, indeed, 
actually diminish the quantity of heat generated. So, " the 
quantity of steam produced" does not depend on the 
" intensity of the fire," but on the quantity of heat absorbed 
hy the water, as will hereafter be explained. 

Were there nothing else requiring attention, in the use of 
coal, than the combustion of its fixed carbon (as in the fire- 
box of a locomotive) nothing further would be necessary 



56 THE COlCBirBTIOir OF COLL 

than the supplying the air through the grate-bars to the 
fuel on them. In the use of eoal, however, aa ther^ is the 
ga9 also to be generated and oonsumed, any excess of aar^ or 
its injudicious introduction, though it might not afiect(the 
combustion of the carbon, must necessarily interfere with 
the quantity introduced for the use of that gas. 

As to the quantity of air chemically required for the eohe^ 
or fixed portion of the coal, after the gas has been expelled, 
it has already been shown that every 61bs of carbon requiros 
161bs. of oxygen. Now, the Tolume of atmospheric air which 
contains 161bs. of oxygen is estimated at about 900 culno 
feet, at ordinary temperature^ Taking, then, bituminooa 
coal as containing 80 per cent, of carbon, we hare 16001bs; 
of coke (the produce of 20 cwt. of coals) requiring its 
equivalent of oxygen, and which wiU be equal to 240,000 
cubic feet of air; since aa 6 : 900: : 16 : 240,000. This great 
quantity of air required for the exclusive use of the oohe on the 
bars, must, therefore,. be passed upwards, from the ash-pit^ 
the product being transparent carbonic acid gas, of a high 
temperature. 

In this process no error can be committed* The carboa 
remains quiescent, and without eofabuitien (wholly irrespee* 
tive of the temperature to which it may be raised), until 
each atom shall, successively, obtain contact, and combine 
with ita equivalent of oxygen ; which become^ as it 'wete, the 
wings by which it is literally to be carried awaj, in the 
shape of carbonic acid. Of itself, and without the aid of 
such wings^ it had no power of movement, escape, or com* 
bustion. 

The conditions under which coke enters into union with 
oxygen, and the singleness of the process, marks stroiBgly 
the distinction between its use in the locomotive, and thst 
of coal in the marine, or land boiler. In the former, tfaeie 
is but one opraratioD, as here shown ; in the latter, however, 
there are the several gaseous operations, all of which reqmze 
systematic management. 
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In Bopidying tlie air to the odkoy and to aroid the admis- 
flion of a Jarger qnantiiy thaaais kgitiaiately required for its 
own eombvstion, the priocipal < point requirixig attention is 
the preserving a nmform and ewffleieni hotfy of fuel oi» the 
harSy as noticed in the last chapter ; thus to prevent the air 
passing through tiie fnel in masses or streamsy by which a 
cooling effect would be produced, injurious to the generation 
and combustion of the gas. • Where anthracite is used, as in 
the United StsteS) and whieh is composed cfaieflj of carbon, 
the practice is to keep a bodjr of it on the bars of from 7 to 
12 inches deep. If this depth of anthracite is advisable, it 
will hereafter be explained, that a greater depth is requisite 
with bituminous coal. 



CHAPTER IV. 

OK TBI MXAKS OF TKTSODTrOIHO AIS TO TSQB OASAOU8 

POETION OF THS OOiX. 

HATiifO spoken of the air required ioiciie eoke of a ton of 
coal, we have now to consider the quantity required for the 
gas of the same. Here we enter, unquestionably, on the 
most difficult branch of the inquiry. 

Zt has been shown that each cubie foot of gas requires, 
-absolutely, the oxygen of ten cubic feet of atmospheric air. 
By the proceeds of the G>as Companies, we leam, that 
10,000 cubio feet are produced from each ton of bituminous 
coal : this necessarily requires no less thaa 100,000 cubic 
feet of air. Adding this to the 24p,000 cubic feet required 
for the coke, we have a gross volume of 340,000 cubic 
feet as the minimum quantity absolutely required for the 
combustion of each ion of coal, independently of that excess 
which will always be found to pass beyond what is chemi- 
cally required. 

]> 3 
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Aa it continueB to be asserted that this great Tolume of 
air might, under management, be introduced through the fire 
hare and superincumbent fuel^ the question demands a closer 
examination. A little consideration, howeyer, wiU show, 
that such a proceeding would be not only opposed to all 
chemical experience, but that it inyolyes a physical impos- 
sibility. 

It will not here be necessary to prore, that a body of 
air could not pass through a mass of incandescent coke, 
without being depriyed of the entire, or a large portion, 
of its oxygen: as well might we expect that air 
would pass through the lungs of on'e human being, and 
yet contain the necessary quantity of oxygen for the 
support of life in another. 

Before a fresh charge of coal is thrown in, there will, or 
should be,, as already observed, a sufficient body of clear and 
highly heated coke remaining on the bars. After the charge 
has been made, a large volume of gas will be generated ; 
and, consequently, an equivalent quantity of pure air will be 
required for its combustion. Now, at this stage of the 
process, and by reason of the mass of £resh fuel thrown in, 
the passage of the air through it must then, necessarily, be 
the most restricted. Thus the smallest quantity of air would 
be enabled to gain admission, simultaneously, with the 
greatest demand for it ; and the largest generation of gas, 
simultaneously, with the most restricted means of enabling 
the air to obtain access. Were there no other considerations, 
these alone would be sufficient to show the absolute neces- 
sity of providing some other channel for the introduction of 
the air for the gas, and the impossibility of introducing the 
requisite quantity in that direction. 

As the obtaining the largest measure of heat from any 
given weight of coal, turns exclusively on the introducing 
the air in the proper quantity and manner, this, in fact, 
becomes the cardinal point in the inquiry ; and on this point 
have the greatest mistakes been made. Watt in his early 
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patent (1785) sought to introduce the air through the hody 
of fresh coal placed in front of the furnace. Chemistiy, 
howeyer, has since shown, that not one hundredth part of 
the required quantify could be so introduced. When Watt 
was engaged in considering the generation of steam, concur^ 
rentlj with the use and economy of fuel, all was uncertaintj 
as to the proportion of air, chemicallj required for its com- 
bustion. The scientific world had but a vague idea of the 
relations between the combustible and the supporter of 
combustion. The all-important system of chemical equiva- 
lents which now forms the basis of our knowledge, as to 
quantities, was not even suspected. Since then, however, 
by the discoveries of Higgins, Dalton, Davy, and their suc- 
cessors, uncertainty has given way to certainty, and we are 
now as sure of our results as if we had, physically, the 
power of handling and combining, at will, the several 
elements which enter into the composition of bodies. In 
the language of Stockhardt, '' Previously to the discovery of 
the laws of equivalent proportions, hardly fifty years ago, it 
could only be ascertained by laborious trials, how much of 
one body was required to combine with another, or to 
replace another. It is now only necessary to refer to the 
table of the proportional or equivalent numbers, to ascer- 
tain, and beforehand, the quantity to be employed." 

Had Watt been experimenting on the combustion of coal, 
with the accurate knowledge we now possess, he certainly 
would not have neglected (as is the case in the presenjt day) 
the providing the relative quantities of the ingredients, air 
heing one of them. 

We may here imagine the amazement which Watt would 
have experienced, had the following formulie been presented 
to him. 

'' Organic substances have an incomparably more eompli- 
eated constitution than in the organic compounds, as the 
following examples show : 



" From the w^ known ambe^ a peodwr 

add, tueoinio aoA, is obtained, which' ooo- 

fonr atoms of cariun, two atom>«f 

hydrofen, and three atone of ozygcoi and hai 

accordingly the formula 0,HtO, (see Fig. 20). 



"If one atom of oxygen is addedtotiiii, 
we have the constitutioii of maiie aei4-^ 
C«^lO, (aeeFig.21). 

" If one more atom of oxygen is added, 
that of tartaric acid = C, H, O, (see 
Fig. 22). 

" And by adding yet another atom of 
oxygen, that oi formic acid = C4 Hj 0« 
(oee Fig. 23). 

" But on the other hand, if one atom of 
hydrogen is added to the succinic acid, which 
was the starting-point, the constitution of 
aeetia acid ia obtained =^ C4 H, O, Ac (/tot 
Fig. 24). 

'* Sugar, starch, and wood have precisely the same consti- 
tution, namely, C, H ^ ^ : they are isomeric. If we imagine 
tliese three elements grouped together in different ways, as 
for instance : — 




Pig. 25. 




Fig. 26. 



Pig. 27. 
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** Here, tl^en, we caii«form an idea how one and the 
quantify of the. same elemento may oombiney fbrmin® Bnek 
¥617 difierent bodieib" 

With reference to the volume of air to be infaodnoed^ 
Frofesaor DanieU. obier?e8» that it will be neeeasai^ eveatu 
laboratoiy practice, to supply twice the quantify thaiwoald, 
strictly and. chemicaUy^ be required* Now, iaJdng the 
minimum qaantily of aki at atmospheric tempentore (for 
the gas of one ton of coal), at 100|0Q0 cubic feet^ to fiom 
an idea of what that quantity is, it will only be neoeasaiy to 
say, that it would, fill a tube of 12 inches square (the area of 
ordinary fire doora), and of no less than 20 miles in length* 
This will enable us to consider practically the great body, or 
bulk, we haye to deal withy and the difficulty ofeffiMtuagita 
introduction. 

The introducing the required quantity of air will neces- 
sarily depend, first, on the area of the or^ee through which 
it enters; and secondly, the velocity at which it posset 
through that area. It has been stated that the aperture for 
the admission of the required quantity should ayerage from 
one-half to one square inch for each square foot ofgrate^ar 
surface. 

So entirely disproportioned, however, is the area here 
stated, that it would not supply one-fourth the quantity 
absolutely required; much less that additional quantity 
which we have seen must of necessity pass with it. 

There seems, then, to have been some serious oversight 
in making these calculations. Practice and experiment 
prove that instead of an area of one square inch, no less 
than from four to six square inches for each square foot of 
furnace will be required, according to the gas-generative 
quality of the coal, and the extent of the draught in each 
particular case. 

In examining the tables of results supplied by experi- 
menters, the cause of their error may be traced to a mistake 
in the estimated velocity of the heated gaseous matter 
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passing through fumaceB to the chimnej shafts. As this 
has, in many instances, been adopted on the supposed 
authority of Dr. TTre, it is right to state, that the error 
appears to have originated in taking what that accurate 
chemist and experimenter had given, — not aa practical, but 
as theoretic results.* 

It is to be observed, that we are not here determining (aa 
Dr. TTre was) the velocity of the current of heated gaseous 
products passing through the Jhte$ of a fwmace^ or escaping 
by a shaft of any given height. It is not the egreee of 
intensely heated products that we are considering, but the 
ingress of air at merely atmospheric temperature and pres- 
sure; and further subject to all the consequences of im- 
peded motion from friction, in passing through numerous 
small apertures. 

The following table of relative velocities of the air on 
entering, will illustrate the joint influences of current and 
area through the admission orifices. 



Air aperture per 

equare foot of 

furnace for bitu* 

miaous ooaL 


Velocity per 

Mcond of ingress 

current of air at 

60* 


Cubic feet per hour 

entering through 

small orifices. 


For every ton of 

Coal in Cubic 

feet. 


Square inches. 
6 
6 
6 

5 
5 
5 

4 
4 
4 


At ft. per fleooDd. 

5 

10 

20 

5 

10 
20 

5 
10 
20 


Cubic feet 
7,500 
15,000 
30,000 

6,250 
12,500 
25,000 

5,000 
10,000 
20,000 


Cubic foet. 
75,000 
150,000 
800,000 

62,500 
125,000 
250,000 

50,000 
100,000 
200,000 



* Dr. Ure*g statement is as follows: "The quantity of air passing through 
weU-constmcted faraaces, may, in general, be regarded as double what is 
rigorously necessary for combustion, and the proportion of carbonie acid 
generated, therefore, not one-half of what it would be were all the oxygen 
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Now, suppose a fiimace measuring 4 x 2/6 = 10 square 
feet of surface, and with moderate draught, this will be 
adequate to the combustion of 2 cwt. of coal per hour ; — ^the 
gas from which will require 10,000 cubic feet of air. To 
supply that quantity, within the hour, will require the 
following relative areas of admission, and velocity of cur- 
rent, viz. : — 



Vdocitf of eoxTttnt per 
teeond of air entering the 
AaroBoe. 




Area of Aperture, in 
aquare inchea, per foot 
of furnace. 


If at 6*66 feet per second, 


wiU require 6 square inclies. 


„ 10 „ 


S9 


4 


V 20 „ 


19 


a 


» 40 „ 


9> 


1 



From this we see the absolute necessity of ascertaining 
the practical rate of current of the air ichen entering, before 
we can decide on the necessary area for its admission. 
Hitherto no estimate has been made respecting these pro- 
portions on which reliance can be placed. 

"With reference to the mode of introducing the air, it is 
not a little remarkable (so slbw is scientific progress when 
opposed to established custom) that many, to the present, 
overlook, or even dispute the difference in effect, when it is 
introduced through on^, or numeraut orifices. In iUus- 

combined. The increase of weight in soch burned air of the temperature 
of 212^ being taken into account wiU give 19 yards or 67 ftet per second 
for the Telocity in a chimney 100 yards high incased in steam. 

'*Such are the deductions of theory ; but th^y differ considerably from 
practical results." Describing the many sources by which the theoretical 
velocity was diminished, he gives the result of a series of experiments in 
which the velocity per second was as follows : — 

" The chimney being 45 feet in length, the temperature of the thermo- 
meter being 68* Fahr. the velodty per second was — 

Triale. By Theory. By Experiment ^"^fctiS^jT^ 

1 . . 26*4 feet . . 6 feet . . . 190 Fahr. 

2 . . 29-4 „ . . 6-76 „ . . . 212 „ 
8 . . 84-5 „ . . 6* 8 „ . . . 270 „ 
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tnHoB, then, of the- effect of inlrodiieing the air »i» a divided 

form^ let us take the ease of a boiler fumaee of modera and 

approved fonn, where the air enters \iy a Bvngle ori/iee, and 





compare it with that ahown "where it enters through 100 or 
more orificea. 
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In the first ezsmple (if the hadj of air be not too great), 
the effect may be faTourable, t<i Bome extent, in preveBtii^ 
the generation of dense smoke. Inaiinucb, howerer, as the 
quantity of air thus intro- 
duced, is cbemicallj inade- ^ ^ 
quate to the combustion of the 
gas, much of the latter must 
escape muomttmed, though not 
in the form of smoke, but as a 
light oolonred vapour. In such 
case, howerer, the inference 
usually drawn would be, that 
the area of admission was 
sufficient, and the combnstioa 
perfect. 

This, howerer, would be 
erroneous; besides, that it 
would ccmstitute the mere noii' 
appearance of smoke as the ^ 
test of perfect combnstiaii of J^ 
the gar 

In the first caB^ fig. 28, 
the body of air, by- passing 
through a aingie aperture,' pro- 
duces the action of a strong 
cnrrent,and obtains a direction 
and T^octtf antagonistic to 
that lateral mottou of its par^ 
ticlea which is the Tery element 
ctf di&sion. ' In tbn oaae, pM» 
ing along the flue, the Btream 
of air punoes its- own- courss 
at the lower lerel. A, while the 
heated products fill the upper 
OM at B. It is here evident, 
according to the l«w« of motion, that the two finces, osfiMf 
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in the same direction, prevent the two bodies impelled by 
them (the air and the gas) from amalgamating. In fact, 
thej do not come into contact, except in the strata, or 
planes, of their respective proximate surfaces. The cooling 
influence of the air, however, goes on in the flue, and 
produces a result the reverse of what was then most desired. 
In this case, the ' velocity of the current is opposed to the 
desired diflusion; and as, by the laws of motion, matter 
cannot change its direction unless by the introduction of 
some other force; — that other force is just what is here 
required. Thus, in the present instance, we must either 
change the direction of the current of the air, or give it the 
right direction from the beginning. 

Now, instead of a single aperture, let the air enter 
through a hundred or more apertures, as in Pig. 29. Here 
the force and direction of the current will be avoided, 
and the required diffusive action produced on passing the 
bridge. Instead of the refrigeratory influence of the air, as 
in the first case, there will be a succession of igniting atoms, 
or groups, which Sir H. Davy calls " explosive mixtures,*' 
each producing combustion with its high temperature. 
These are distinctly perceptible from the sight holes at H. 

The same results will follow, whether the single or nume- 
rous orifices are placed at the door, or at the hridge end of a 
furnace, as in Fig. 30. In this case, the diffusion will be 
more immediate and effective. 

On this point it may be well to notice the oft-repeated 
fact, that the avoiding dense smoke may be obtained by 
leaving the fire-door mjot. Now, so far from this being a 
discouragement, or argument against the use of numerous 
small orifices, it absolutely confirms both the principle and 
practice ; for, if allowing a given quantity of air to enter in 
a thin film at the edge of the door have a good effect, we are 
thereby encouraged to allow the entire complement to enter 
by other and more numerous films or apertures. If, indeed, 
idlowing the door to be ajar, with an opening of one inch. 



^^ '^i;'^®^^^ - ^' 




ri»|f/ 



AJSTD THE PBEYEKTIOK OF SMOKE. 67 

were safficient for the admission of the entire volume re- 
quired, nothing further will be desired. The moment, how- 
ever, the aperture is enlarged hj opening the door wider, to 
allow that required volume to enter, the injurious and 
cooling influence of the body and current of air becomes 
self-evident, and the result confirmed bj the reduced tempe- 
rature in the flue, as indicated bj the pyrometer. 

Of the advantageous effect produced bj mechanical agency, 
in promoting immediate diffusion between the air and the 
gas, the following experiments are quite conclusive. 

Let Figures 31, 32, and 33 (see Plate 2), represent each a 
tin apparatus, with its glass chimney, similar to the ordinary 
Argand burner, — the gas is admitted the same way in all 
three — the diflerence to be noted is, in the manner in which 
the air ie admitted. Xn all these cases, the quantity of both 
gas and air was the same. 

In Eig. 31, no air is admitted from below ; and the gas, 
consequently, does not meet with any until it reaches the 
top of the glass, where it is ignited, producing a dark smoky 
flame. 

In Fig. 32, air is admitted from below, and rises through 
the orifice at A, concurrently with the gas at the orifice B. 
On being ignited, one long flame is produced, of a dark 
colour, and ending in a smoky top. 

In Fig. 33, the air is introduced from below, and into the 
chamber c c, from which it issues through a perforated 
plate, like the rose of a watering pot; thus producing 
immediate mixture with the gas. On being ignited, a short, 
clear, and brilHant flame was produced, as in the ordinary 
Argand gas burner. 

The heating poicere of the flames were then tested, by 
placing a vessel of cold water over each. When over 
Fig. 32, it required 14 minutes to raise the water to 200°, 
whereas, over Fig. 33, it reached 200° in 9 minutes. 

Now, the difference of effect produced in those three ex- 
periments corresponds with what takes place in furnaces and 
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their flues, when the air is excluded, and when it is admitted 
through a single or through numerous orifices. 

Of the importance of mechanical agency, in promoting the 
rapid diffusion or mixture of the air and the gas, the modes 
adopted on the continent for rendering the coke gas, or car- 
honic oxide, available, are conclusive and instructive. 

M. Feclet has given ample details of the mode of effecting 
the combustion of this gas (the existence of which has, for a 
long time, been practically ignored in this country), in the 
manufacture of iron, and even in the puddling furnaces, 
where the most intense heat is required. 

M. Peclet states that the process at Treveraj, in France 
(see Figs. 34 and 35, Plate 3), is preferable to that adopted 
in Germany, and for the foUowing reasons, which are quite 
to the point of our present inquiry. 

1st. The air and the gas are better incorporated. 
2nd. The relative quantities of the gas brought into 

contact with the air are more easily regulated. 
3rd. Combustion is effected by the introduction of the 
smallest excess of air. 

In the apparatus, as shown in the section. Fig. 34, 50 jets 
of air issue, each in the centre of 50 jets of the gas (carbonic 
oxide), led from the cupolas of the melting furnaces. On 
examination of the process here exhibited, the mixing and 
combustion, ifc will be seen, takes place on the instant^ and 
before the flame and heat enter the chamber of the furnace 
at F. By this arrangement, M. Peclet observes, '^ that the 
highest temperature that the arts can require is here 
obtained." It is strange that the practical and commercial 
value of this gas, which is so wastefully expended at our 
manufactories, at the summit of the cupolas^', but so well 
understood and economised in France and Germany, is only 
just now being recognised in this country. 
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CHAPTER V. 

or BSOULATOTG THX SUPPLY OP AIB TO TH£ GAS BT 
BELP-AOTUrO OB OTHEB HECHAITECAL APPABATTTB. 

Much has been urged on the necessity for regulatmg the 
supply of air entering the furnace, as. a nieans of preyenting 
an excess at one time, or insufficient quantitj at another. 
The the ory is plausible. Practice, however, when tested by 
the aid of a pyrometer, and on the large scale of the furnace, 
has inyariably proved its unsoundness and futility. 

If the generation of the gas in a furnace were a constant 
quantity ; or uniformly increasing and decreasing ; and ab- 
solutely ceasing at some one stage of the charge of coal; 
such regulating apparatus would have its merit. The eye 
and the pyrometer, however, at^ice warn us of tiie wide 
difference between theory and practice; exhibiting the 
irregularities in the generation of the gas, and the error of 
applying an inflexible scale to a series of ever varying 
quantities. 

The possibility of regulating the admission of air by 
fn0chflnieal meanSy was the object of numerous efforts. The 
aid of the first mechanical and chemical authorities was 
directed to ascertain whether any, and what degree of ad- 
justment was practicable or advisable. After much inves- 
tigation it was found, that under the Varying circumstanees 
of land and marine boilers — ^^of .quick and slow combustion 
— of large and small furnaces — of the irregularities of the 
draught, which often varied, even in the several furnaces of 
the same boiler : looking also to the various modes of firing, 
ted the uncertain qualities of the fuel employed ; all these 
render the theory of regulating the admission of the. air, 
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as each charge proceeded, not only impracticable, but eyen 
l^unoiiS; * ' ~^ 

In the report made to the Dublin Steam Company, in 
1842, b; Mr. Josiah Farkes (the Patentee of the Split- 
bridge), an engineer well qualified for such an inquiry, he 
observes: '' During the above-named experiments, I made 
numerous essays of the effect produced by shutting off the 
admission of air to the gases, after the visible inflammable 
gases had ceased to come over, and when the fuel on the 
grate was clear and incandescent. J^ such cases I always 
found the entire stoppage of air to he followed hy diminished 
heat in the flues and hy diminished evaporation; for at these 
times, carbonic oxide continued to be formed ; a gas which, 
though colourless, was converted, by a due mixture of the 
atmospheric air, into flame, possessing, evidently, a high 
intensity of heat, and producing much useful eflect. The 
calorific value of this gas is lost when the air is excluded^ 
although its non-combustion is not attended with the pro- 
duction of visible smoke." 

During these investigations it was ascertained, that the 
appearance or non-appearance of visible smoke was no test, 
either for or against the admission of air-^to-^usnti^t^ 
Mr. Farkes on this head observes : " The consequences of 
regulating and varying the quantity of air admitted so as to 
suit the varying state of the furnace, as regards the quantity 
of gas given off, abo occupied my close attention. It is 
quite certain that, to effect the perfect combustion of all 
the combustible gases produced in a furnace, a large demands 
for air (distinct from the air entering the _gr2Lte}^ always 
exists: also, that by entirely excluding air, smoke is pro- 
duced, and the heat diminished in idl states of the fire. 
Thus, with correctly assigned proportions once ascertained, 
no attention is required on the part of the fireman in regu- 
lating the admission of air. On looking through the sight 
holes, it was manifest, that, as a stream of either carburetted 
hydrogen, or carbonic oxide gas, was at all times generated 
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and passing over ; so there was necessarilj^a cqrresp^ding 
demand for airj and when supplied, a contdnuous strea m of 
yisible flame." 
^ ' Thisls conclusive on the point of regulating the supply 
of air, or shutting it off at any period of a change. 

In addition to this inquiry. Sir Bobert Eane (one of the ,. 
highest chemical authorities of the day) , was also engaged, / 
and made an elaborate investigation and report on the '\ 
subject. 

ESPOKT TO THB Dl&BGTORB OF THB CiTT OF DUBLIN StBAM-PaCEBT 

COMFAHT. 

GenUemen, — In aooord&noe with your request^ that we shotild proceed to 
examine into the constmetion and performance of the Marine Boiler 
Fnrnaoes erected at your works in LiTerpool, upon the principle of the 
patent of Mr. Williams, we haye to report, that we have carefully in- 
spected the operation of these fnmaoes in their seyeral i>art8, and also 
some others constmcted in a similar manner, npon a large working scale, 
which are now in actual use in yariooa parts of the town ; and that we 
haye instituted sereral series of experiments and observations upon the 
temperature produced hy those furnaces, and the manner in which the fuel 
is consumed in them. 

In deducing from those experiments and obseryations the oondusiona 
which will be found embodied in this report, we hare taken into careful 
consideration the general chemical principles upon which combustion must 
be carried on, so as to effect the greatest economy of heat and fuel ; and we 
hare examined how fiur those principles are attended to in the construc- 
tion of the various kinds of furnaces that haye been proposed for prac- 
tical use. 

The conclusion to which we hare arrived, and which we belieye to be 
established by yery decisive evidence, as well of a practical as of a theore- 
tical kind, may be briefly expressed as follows : 

1st. That, in the combustion of coals, a large quantity of gaseous and 
inflammable material is given out, which, in furnaces of the ordinary con- 
struction, is, in great measure, lost for heating purposes, and gives rise to 
the great body of smoke which, in manufiftcturing towns, produces much 
inoonvenienoe. 

2nd. That the proportion which the gaseous and volatile portion of the 
fuel bears to that which is Jixedf and capable of complete combustion on a 
common furnace grate^ may be considered as one-fowihf in the case of 
•xdinary coaL 
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ML fnuiiibeairfortheeomlnifllionof iUa^ueoiiBeoBlni^ 
flMWOty with adfantege, be inirodooed eiiher Ihroiigh thaintentioeB of the 
fire ban, or the door by opening it. In the former caae, the air is 
depriTed of its oxygen by passing through the solid fnel, and then only 
helps to eany oif the combustible gases before they can be bnmed ; and, in 
the latter cue, the air whidi wonld enter, by reason of Hs proportknate 
SSM, wovld prodvoe a oooling inflnenoe^ and «aanot eonireaiently be mixed 
80 as pnqperly to snpport the combnstion of the gases. 

4th. That the combnstion of the gaseous materials of the fuel is best 
aooomplished by introdndng, throngh a number of thin or small orifices, 
the necessaiy supply of air, so that it may enter in a divided form and 
rapidlfvax with the heatsd gases in such proportions as to effect their com- 
plete oombostion. 

5tb. That, in burning (xube, or when coal has been burned down to a 
dear red fire, although the combustion on the grate may appear to be per- 
fect, and little or no flame maybe produced, and no smoke whatever made, 
there mof he a great amouni of useful heat lottf owing to the formation of 
carbonie oaeidef which, not finding a fresh supply of air at a proper place, 
neoeoarily passes off unbumed. 

6th. That under the common arrangements of bmler furnaces, where 
there is intense combustion on Wib fire-grate, and but little in thej(«<», the 
differenees of temperature in and around the yarious parts of the boiler are 
greater ; and, consequently, the boiler is most subject to the results of 
unequal temperatures. On the other hand, when the process of combustion 
is spread through the flues, as well as over the fire-grate, the temperature 
remains most unifoim throughout^ and the boiler and its settings must be 
least liable to injury. 

7th. That the heat produced by the combustion of the inflammable 
gases and yapours from the fuel, in flues or chamben behind the 
bridge, must be considerable, and can be adyantageously applied to 
boOers, the length of which may be commensurate with that of the 
heated flues. 

In further substantiation of these conclusions, we will describe the 
results of our experiments made with the marine boilers fitted up with 
air-apertures on Ur. Williams's plan, in order to i determine how fiu*, in 
practice, the scientific principles of combustion may be economically carried 
out. 

B3TERIMENTS WITH COAL. 

EzpiaxicsarT 1. 
When the fire was charged with cooZ, and air admitted only in the 
ordinary way, (the passage to the air-distributors being dosed,) the entire 
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in^or of the fines wu filled with a deiue Uack tmoke, which poured out 
from the orifice of the chimney in great qnantitj, and as obserred through 
the mght-holes. The mean temperature of the fines in this experiment bdng 
found to be 650°. 

SXPSRIMSNT 2. 

The fumaoe being charged in the nme manner with ooali and the supply 
of air by the diylding apparatus folly let on, the smoke instantly die- 
appeared. Nothing Tiaible passed from the chimney. The fines became 
filled with a clear yellow fiame^ whidi wound round at a m^^iimim 
distanoe of thirty feet, and the mean temperature at the turn of the fine 
was found to be 1211°. 

Hence, the quantity of heat oonreyed to the water through the fiues, was 
nearly doubled by introducing the air in this divided manner ; and, whilst 
the fuel remained the same, the combustion was rendered perfect, and no 
smoke produced. 

BXPUUtXERT 3. 

The furnace being charged with coal exactly as before, the passage to 
the air-i^rtures was one-half dosed. A grey smoke issued from the 
chimney. The flues were occupied by a lurid fiame^ oocasionaUy, of 
nearly forty feet in length ; the mean temperature of the fiues being found 
to be 985°. 

Thu% with half the supply of air, a mean condition was obtained 
between the dense black smoke and imperfect combustion of the first 
experiment^ and the Yivid combustion and perfect absence of smoke of the 
second. 



BZPKBIMBNTS WITH COKE. 

Having thus tested the circumstances of the combustion of eoal, under 
different conditions of the furnace, we next proceeded to ascertain the exact 
eirctimstanoes of the combustion of coke. 

SXPBBIXX5T 4. 

The furnace being fully charged with coke, (from the Gas Wwks,) and 
the otp-operfiBre eloied, so that it burned as in an ordinary fiimaoe, the 
fluea were dark, but a bluish-yellow fiame extended under the boiler to the 
back, a space of ten feet. The mean temperature of the fine was then 
found to be 702°. 

The eoal, under the same drcumstances^ haying giren a mean tempera- 
ture of 650*1 a difference of 52* heating power was thus shown in favour of 
coke, and whidi agrees with results obtained by others with furnaces of the 
ddinazy ooostniction. 

1 
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EXPSBIVVRT 5. 

The famaoe being again charged with coke, the air-apertnre vaa opened 
one-half. The flaes then became occupied with a flame of Tarions tinta^ — 
blue, yellow, and roBe-oolonred, — ^piodaoedby the combustion of carbonic- 
oxide and yariona other gaseons products. Thia flame extended through 
twenty-fiTe ftet. The mean temperatore of the flae was then found to be 
1010*. 

Thus, even with coke, the increase of anulable heating power, produced 
bj the adnuasion of air on Mr. Williams's plan, was found to be 800*, or 
three-tenths of the entire. 

SxpisancBHi 6. 

The furnace being again charged with coke, and the air-aperiuze fMy 
opened^ the flame in the flue shortened to about flfteeu feet, and the mean 
temperature of the flue became 852°. 

Hence it appeared, that there had been a laiger quantity of ur admitted 
in this last case than was necessary for the combustion of the gases from 
the eohe ; and hence a cooling effect had been produced, such as to neutralise 
one half of the advantage which would have otherwise been gained. 

It results from these experiments, — 

1st. That the air-aperture of the fomace was sufficient for the proper 
combustion of eoaUf but was one-half too large for coke, 

2nd. That by the use of the air-apertures, in the case of coals, all smoke 
ia prerented, and the useful effect of the fuel much increased. 

3rd. That, efen when coke is used, the heating effect is also much 
increased by the admission of air by apertures behind or at the bridge ; 
but it require4 only one-half of the air which is necessary for eoal. 
If, however, it be supplied with the quantity best adapted for ooa2, 
one-half of the adyantage is again lost by the cooling power of this 
excess of air. 

4th. Since, in all ordinary cases of practice, fresh fuel is added in 
moderate quantities, at short intervals of time, it was not found necessary 
to alter the rate of admission of the air by valves or other mechanism. 
A uniform current, admitting a quantity of air intennediate to that nedea- 
aary for coal alone, will abundantly suffice for the perfect combustion of 
the fuely and need not require any extra attention on the part of the 
workmen. 

In conclusion, we have to state as our opinion, that the arrangement of 
fomaoe and admission of distributed air on Mr. Williams's plan, fulfils the 
conditions of complete oombustioa in the highest degree^ as for as is oom- 
patible with the varieties which exist in the oofastmotion of boUera, the 
peculiar character of the coal employed, and the nature of the draught ; the 
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forination of smoke is prevented ; and the economj of fuel we cannot 

eonsider as being less than an ayeiage of one'&fth of the entire in the 

•case of coke, and of one-third of the entire when eooU is used. 

We are^ Gentlemen, 

Tonr obedient Serrants, 

BOBBBT KANB, U,J>., M.R.LA., 

Professor of Natural Philosophy to the Botal Dublin Sooistt, and 
Professor of Chemistry to the Apothecaries Hall of Ireland, 

R. H. BRBTT, PkD., P.L.8., 
Professor of Chemistry to the Liverpool Collegiate Institution, 

The inference from these chemical inyestigations is, that 
there is no interval from the "beginning to the end of a charge^ 
when there is not a large body of combustible gas generated 
in the finmace^ and a large supply of atmospheric air 
required. 

The advocates of self-acting valves have overlooked the 
<;hemical fact, that as soon as the coal gas (carburetted 
hydrogen) ceases to be evolved, the fuel on the bars would 
then be in an incandescent state, and precisely in the con- 
dition to furnish a copious generation of the other gas — the 
colce^ips^ or carbonic oxide; but which had not hitherto been 
noticed by any writer in connection with boiler frmaees,* 
Now, as this latter gas requires (for equal volumes) one-half 
the quantity of air of the former, it is equally necessary that 
such be supplied, or the heating power of carbon would be 
lost.f The characteristics of this gas have already been 
given. Its practical application requires here to be noticed. 

* ''Carbonic oxide^" obserres Professor Graham, '* maybe obtained by 
transmitting carbonic acid oyer red hot charcoal. The combustion is often 
witnessed in a coke or charcoal fire. The carbonic acid produced in the 
lower part of the fre is converted into carbonic oxide as it passes up 
iharofvugh the red hot embers,^ 

f Mr. Dewrance, Engineer of the Liyerpool and Manchester Bailway, when 
that fact was pointed out, felt the importance of allowing a large quantity 
of air to enter through the door, by numerous orifices^ and experienced the 
increased heating powers asiamg firom the eomtmstion of the coke gas in the 
fimaees of his locomotiTes. 

B 2 
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Por obtaioing the Bupposed sdvantagea of regulating the 
admiBsioD of the air by mechanical agency, many ingenious 
contrivancea faaTS been suggested. Among tbeae tbe fol- 
lowing vas tested many jean back by the Dublin Steam 
Company : In the diagram, Fig. S6, a is tlie orifice for tbs 

Fi(. 88. 
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admisaion of tbe air ; h tbe valve ; e the cistern ivith ball to 
regulate the fall of the valve ; « tb« supply <uatem ; f tbe 
tap for letting off the water ; y the tap for regulating tbe 
rate at which the valve deecenda. During the first half of 
a twen^ minutes' charge, the valve has no operation, the 
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aperture remaining open^ the full supply of air being then 
required. During the next five minutes it graduallj doses, 
and during the last fiye minutes remains dosed, to counteract 
the neglect of firemen in allowing too much air to enter 
through the uncoYcred bars at the end of each charge. 
Simple as this plan was, it became unnecessary, and was 
finally discarded. 

As some notoriety has lately been given to the plan 
patented by Mr. Frideauz, it may here be expected that it 
should receive examination. Mr. Frideaux very justly ob- 
serves : * '' Oidy two methods present themselves by which 
the supply of air and the wants of the furnace can be made 
to correspond — either both must be made constant and 
regular, or the fluctuations of one must be made to coincide 
with those of the other." Again, " If a continuous and 
equable supply is to be furnished to a furnace, then the 
supply of fuel must be made continuous also. This appears 
to be the most perfect method of working a furnace, and it 
is to accomplish tiiis object that most of the attempts to 
prevent smoke, and obtain perfect combustion, have been 
directed. Brunton's revolving grate, Jukes' endless chain 
of fire-bars, and more than one kind of rotary feeder, all 
fulfil, with tolerable efficiency, the purposes for which they 
were designed." 

With these just and appropriate remarks Mr. Frideaux 
introduces his own plan of " A eelf-eheing indve for prevent- 
ing emoke and economising the fuely^ and by which to cause 
'' the Jluetuatione hetioeen supply and demand to eoindde^ 
He then describes the action of his valve as follows : ** The 
stoker when he closes the furnace door after firing, will raise 
the arm of a lever appended to it : this movement throws 
wide open a sliding valve in the face of the door, which 
immediately commences closing, slowly and automatically, by 
the gravity of the lever, and affords during the progress of 

* ** MtkdimeiUary Treatise en Fud, partieuiarly wUk rrferenee to 
Bsverberaiory Fwmacet, by T. SynieB Frictoanx, Bwi. John Wetle.** 
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its descent^ a gradually dMmmUhing tupplp qf idrto the Jtre^ 
in hartnotuf taiih ike ^ttdually dlminifking requiremenU of 
the fueir 

B7 what means tliis hitherto undiscoyered phenomenon 
of the gradually diminishing reqwremeiUs of the fuel during 
the firet half of each charge was ascertained, is not stated. 
Now, however plausible this theory may be, it is at once 
disproyed by experiment — the ** wants of the furnace '' being 
in diroct contradiction to the alleged ** gradually dinunisMng 
requirements of the fuel." In truth, experiment proves, 
that ^'to cause the fktetuations between the supplg mnd 
demand to coincide" the arrangements of the valve should 
have been just the reverse of what is here described as 
tal^ng place, and should rather require a gradually inoreaeing 
(instead of diminishing) supply of air to the fire, in harmony 
with the gradually increasing (instead of diminishing) re- 
quirements of the fuel. 

By the operation of dosing the valves, the act of dimi* 
nishing the supply of air begins on a fresh charge of ooal 
being made, and it is entirely closed when one-half the time 
required for the diarge has expired; thus necessarily rO" 
maining shut during the second half— on the supposition that 
there was no gas then generated, and no further supply cf 
air necessary,^ 

* As this operation of tba vslre is so direcUy opposed to the tnne 
lequirements of tbe fad, the patentee*s own desciiptioii of It is here 
given: — 

« To giye an illustration of its mode of action : Supposing a fresh 
supply of coal to be put on a furnace erery 16 minutes — the smoke (mean- 
ing gas) consequent upon coaling, to cxmie graduaUy to an end tztthe ex- 
piraiion of eight mifMctet-^and that immediately after coaling, the ioniaoe 
requires at the rate of 100 measures of air per minute (admitted above the 
fuel), to furnish the requisite amount of oxygen to prevent smoke. 

** For Buch a fumaoe as the above, this valve is adjusted so as to furnish 
at the rate of 100 measures of air per minute Vfhen wide open, and to 
gradmiUy. doee at th« end of eight minulet. Kow, as the opecation of 
closing occupies dght minutes, at four minutes, after ooi^ling the vidve is. 
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It 28 hero BUiDifeBt that the error into which Mr. Frideaux 
ham fallen^ has ansen from assumiogy theoreticallj, that the 
gBoeration of gas (which he inadvertantly calls smoke) would 
*^4fom» graduoUy to an end ai the expiration of eight wMmtee" 
from a charge which would take sixteen minutes for its 
completion. If, indeed, that reallj were the case, then this 
action of his yalve '^gradually closing at the end of eight 
minutes," would produce perfect harmony between the 
supply of air and the requirements of the fuel." 

The Beports alread j given bj Sir Bobert Kane and Dr. 
Brett, Mr. Parkes, Mr. Houldsworth, and Mr. Fairbaim, 
beinjg all in direct disproof of the above, render any further 
remark here unnecessarj, except to notice the important 
di£B9rence thus established between theory and practjue; 
and the abs(dute necessity of proof— not by the fallacious 
test of the appearance or nan-appeamnce of smoke, but by 
aaceortaining the temperature in the flue, by the pyrometer, 
from the beginning to the end of a charge — and the length, 
dioracter, and colour of the flame, by actual observation. 

Mr. Prideauz proceeds : ^^ The door of the fnniaoe should 
be double^ and the air should pass into the fiimace through 
a^amM of perforations** By this arrangement, he obser?es, 
^ three important points are secured: 1st, the heating the 
sir; 2ndly, the keeping the outer door of the furnace com- 
paratively cool ; Srdly, its subdivision into minute jets.*' 

A few words on each of these three points will here 
suffice. 1st, Of '' heating the air." As Mr. Prideaux takes 
in the air, as all others do, at mere atmospheric temperature, 
his claim for " heating the air" goes for nothing. Whatever 
heat it acquires (and which has been ascertained to be wholly 

half siint, OMiMqnentiy admitting at the rate of only fifty measnrea of air 
p«ff miavte^ and the whole amount of air admitted in the eight miauteB 
dnring whieh the valve is open, wUl he 400 measiirea ; and this quantity, 
supplied in a gradnaUy diminishing manner, in harmony with the gradn- 
a% dMniehn^ff rsfmtmsnU of the fuel, is found sufficient to pievent all 
■moke." 
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insignificaat) can alone be obtained by passing through the 
perforationB in the door plate, as it does in the numerous 
plans hereafter described. [Mr. Frideaux'a own authority 
will hereafter be quoted in proof of the fallacy of the hot-air 
theory.] 

2ndly, As to " keeping the outer door of the furnace eom^ 
paratively cool" This is too unimportant a circumstance 
to require further notice. 

Srdly, As to passing the air " through a eeriee qfperfbro' 
tions^ and its eubdivision into minute jets;** it is only 
necessary to add, that it is a satisfactory illustration of the 
principle of the Argand furnace, and of the correct practice 
enforced in every page of this treatise. Mr. Frideaux has, 
hoverer, omitted to state that fact, or to disclaim any merit 
or originality in this, the only useful part of his patent Jbr 
" the preventing of smoke and economising the fueV* 

Impressed with the importance of the smaU^et system^ 
Mr. Frideaux further adds : '' An attempt is often made to 
mitigate the smoke and imperfect combustion, by leaving 
the Jumaee door afar for a certain period after the addition 
of firesh fueL" To thia he correctly objects, on the ground 
that the air then '' enters en masse/* instead of '* in small 
jets** Numerous other illustrations might here be giyen as 
to the efficiency of the " subdivision into minute jets." Mr. 
Frideaux's evidence in corroboration is, however, important, 
although it lays him open to the charge of assuming to be 
the inventor, or original patentee, of what had long been so 
well established.* 



* It b here scaroely neoeflsary to say, that had thia plan, with thia 
description by the patentee himself, been brought out twelre montha 
earlier, that is, before the expiration of the patent for the Axgand fnmaoe^ 
it eonld not have stood the test of a jury, so identical is the application and 
description : ** The «erts» of perforaiiorUf and the tubdivinon of the air 
if/Uo mintOejeti^" being equally applicable to both patents, and oonTeying, 
in the most appropriate terms, the veiy principle and mode of applying the 
Aigand furnace. In fact, the accurate description given by Br. Ure^ (who 
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With reference to the progressiye rate of generation of 
the gas in a furnace, and the consequent demand for atmo- 
spheric air, the length of the flame (when the air is properly 
supplied) furnishes the host evidence. The following tabukf 
view of the result of numerous accurate experiments^ made 
many years back, and expressly to ascertain the rate of 
evoluiion of the gases, throughout a charge of 40 minutea' 
duration, is conclusive :^ 



TimA 






Thermometric 


Length 


*'^ • Tompemture in Flues. 


Flame in 


Cliarge made . . 466 


10 


2 xninutes 






462 


14 


4 „ 






490 


18 


6 „ 






508 


22 


8 „ 






518 


26 


10 „ 






524 


26 


12 „ 






528 


28 


14 „ 






534 


28 


16 „ 






540 


28 


18 „ 






540 


28 


20 „ 






540 


26 


22 „ 






586 


24 


24 „ 






524 


24 


26 „ 






508 


22 


28 „ 






494 


22 


80 „ 






486 


18 


32 „ 






476 


22 


34 „ 






468 


14 


36 „ 






464 


14 


38 „ 






460 


12 


40 „ 






460 


10» 



himself settled the terms of the specification,) furnishes eonduaive evidence 
of the identity of tA« two plana. Dr. T7re (Dictionary of Arts) obsenres: 
" The patent of 1839 consists in the introduction of the air through a 
number of email orifieee^ the operaiion of the <Ur entering in email jete 
into the half-humed hydro-carburetted gases oyer the fires, is thdr perfect 
Qzygenation.*' ''Again, one of the many methods in which Mr. Williams 
has carried out the principles of what he justly calls his Argand furnace^ 
is represented in the figure " (which he giyes). " The box is perforated 
either with rovmd or oblong or^/icee,^* ke, " In some cases the fire-door 
projects, with an intermediate space, into which the ur may he admitted, 
in regulated quantity, through a moveable valve in the door,** 
* The thermometer hulb was here inserted iit the flue, so far as to prerent 

K 3 
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Wd here see, that bo far from the quantitj of gaa generated 
heasxg greaU$t at Jirtif and oeasing when the charge waa one- 
half exhausted, it is just the reverse. In fact^ any one who 
has observed the indications of the pyrometer in the flue, 
and has looked into a furnace in action, must have obserred, 
that, there beingmuch moisture in the ooal to be evaporated, 
it required a considerable time before the full supply of gas 
was being generated, and the temperature in the flue had 
risen to the maximum. Further, that when the first half of 
the charge was exhausted, the greatest quantity of gas was 
then momentarily eyolred — the longest flame existing in the 
flue— and the highest temperature indicated by the pyro- 
meter; consequently, the fullest supply of air was then 
required. 

The following experiment is also in point here : This was 
made with a larger charge of coal, and during 60 minutes 
(the bars being kept well covered), the object being to 
ascertain the relative quantity of each hind of gas evolved ; 
and thus form a guide to the quantity of air required, at the 
several intervals, from the beginning to the end of a charge. 
[The observations were taken from two sight-apertures : one 
at the back end of the boiler, and the other at the front, 
looking into the flue.] When the supply of carburetted 
hydrogen gas was nearly exhausted, the distinct flames, and 
their two distinct colours and characteristics, might clearly 
be distinguished. The following Table will present a view 
of the relative quantities of the two gases (carbonic acid 
and carbonic oxide, or coke gas) produced during the 
progress : — 

the mereory rinng aboTe 600** — tbe liigliest range we see being 540^ — ^when 
the oharge was half expended. The absolute heat in the flue was, however, 
considerably higher, as ascertained by the melting points of a series of 
metallio alloys, prepared by Sir Bobert Kane, expressly for the purpose. 
By these, inserted in the flne, it was found that the absolute heat eaoaiMng 
Qt the fwt of the fwmO, was at least 750". 
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Time in mi]»it(ML 




Coal Gas. 


CokeGM. 


Flame in 


Charge of coal . . none . 


. . 10 . 


. . 10 


5 minntes . . 




10 . . 


. • none . 


. . 10 


10 „ 






U . 


. • none . 


. . 14 


16 „ 






. 18 . 


. . none . 


. . 18 


20 „ 






22 . 


. . none . 


. . 22 


25 „ 






22 . 


. . none . < 


. . 22 


80 „ 






18 . 


. • none . . 


. . 18 


S5 






14 . . 


. none . . 


, . 14 


40 ,, 






10 . 


. . 4 . . 


. . 14 


45 






5 . 


. . 8 . . 


. 18 


50 ,, 






. none . . 


. 12 . . 


. 12 


55 „ 




I i 


. none . . 


. 10 . . 


. 10 


60 „ 


A 




» none . . 
1 11 


. 10 . , 


. 10 



Here column 4 may be taken as indicating the gross 
quantities of combustible gases eyolved, and requiring a 
supply of air. In numerous other furnaces, in which the 
air was properly introduced, and the fuel properly covering 
the bars, the flame was seen during a krge portion of an 
hour's charge, extending along the side flues from twenty to 
thirty feet. The quantity of the coke gat will be in propor- 
tion to the thickness or body of the fuel, and its state of 
incandescence. 

With the view of acoommodating the supply of fuel to 
the demand for air, the best practical mode is the equalising 
efihe quaniUy ofgae requiring eueh supply. This was done 
effectually thirty years back, by arranging the furnaces so 
that each pair shall be connected with one common flue. 
This arrangement, for alternate firing, adopted among 
others in the steamer ** JBogal WiUiam^* (as hereafter 
shown), is eyery way satisfactory. A similar arrangement 
has been introduced in Her Majesty's Steamers '^ JSmnef," 
** S^ffire" and '' Mre/fyy' as described in Tredgold's work ; 
nothing, however, is there shown as to the means for intro* 
dadng the air, and, consequently, the value of this flue 
arrangement is lost. 

Fig. 87, taken from Feclet's work, shows a similar mode 
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adopted in FrancOy for equAlising the supply and demand of 
gas and air. It will be manifeat that, asBaming the fbr- 
naces to be charged alternately, the quantity of gas behind 
the bridge will be the mean of that generated in both 
furnaces. 



Fig. 37. 



^ 



C 



<i 





Another and a yery effectual mode of equalising the 
supply of gas, and thus practically equalising the supply of 
air, is by charging the furnace-grate alternately, ySr«^ on tie 
one nde^ and then on the other. Where the furnace is wide 
enough, this is yery effectiye. 

The result of this inquiry into the policy of attempting, 
by meehanicai meane, to regulate the rate of supply of air to 
the gas during the continuance of each charge is, that it can 
be productive of no practical value ; and the more so, since, 
as observed by Mr. Parkes, that " as a stream of either eat' 
huretted hydrogen, or carbonic oxide gas will, at times, be 
generated, and passing over, there must necessarily be a 
corresponding demand for air." 

In the report to the British Association, on this very 
point, Mr. Houldsworth observes : *' It has been generally 
supposed, that when there was a perfectly red fire in the 
furnace, and when no smoke was: generated, the admission 
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of oold air at the bridge would do barm instead of good, by 
redneing the temperature in the fines. He had, howevery 
tried the experiment that morning. After haying the air- 
passages closed for some time, he had opetied them when 
the coals in the fire were perfectly charred^ and found an 
immediate and decided increase of temperature in the flu/e. 
The increasing temperature was certainly the most striking, 
if the air-passages were opened shortly after a large quantity 
of fresh fuel had been put on ; but, at all times he found 
there was an increase when the air was admitted, and a 
decrease when it was exeluded,** 

Practical proof of this kind at once puts an end to the 
theory of self-regulating valves. 



CHAPTER VI. 

OP THE PLACE HOST SUITABLE POB I9TB0DITCIKO THE 
AIB TO THE GAS IK A PUBirACE. 

Having spoken of the necessity of mechanical aid in pro- 
ducing a sufficiently rapid admixture of the air and the gas, 
we have now to consider of the place best adapted for 
applying this aid. 

As regards the carbon on the bars, it is manifest that no 
other place conld be selected than directly from the ash-pit. 
That this is not available for introducing the air to the 
gaseous product of the coal, has now to be considered. 

Tredgold contemplated introducing the entire supply of 
air through the ash-pit and bars, observing that, " the gas 
which distils from the fresh fuel having to pass over the red- 
hot embers, through which the air in the ash-pit ascends, 
will be infiamed." Here we have the old error, viz., sup- 
posing that passing the gas over red-hot fuel would effect its 
combustion. 

The plan adopted by JSIr. Parkes of introducing the air 
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throogli what is called the spJU hridgcy as heieaftw shown, 
appears to have been among the first which recognised the 
pioyiding a separate eupply of air to the fnrnace gases, 
independently of that which passed through the fuel on the 
bars. 

This plan was sufficiently efiectire, when combined with 
the system of small furnaces, with small charges of coal ; or 
large furnaces when charged heavily, with sufficient fuel for 
many hours' consumption, producing a uniform generation 
of gas during a long intemd, and by the means of slow 
combustion. The issue of the air through the narrow 
orifice in the top of the bridge, was, howcTer, foTind to be 
unsuited to the large furnaces, with quick combustion and 
heavy charges incidental to the boilers used in steam- 
vessels. It was also liable to be occasionally obstructed by 
the stronger current of heated products crossing the aper- 
ture, in the same way as the ascent of smoke from a house- 
chimney is obstructed by a strong wind sweeping across it. 
Numerous modifications of this plan were adopted in steam- 
vessels, the most important of which will hereafter be given, 
with the view of explaining the several causes of their 
failure, and which it is often as important to know as those 
of success. 

When the chemistry of combustion in furnaces was ex- 
amined in 1841, it was shown that the required quantity of 
air was much greater than had been contemplated by prac- 
tical men, or stated by any writer on the subject ; and that 
no single orifice could be sufficient for the admission of that 
quantity, unless by introducing it in such volume as would 
produce a chilling effect on the flame, and a diminished 
amount of evaporative duty—a fact strangely overlooked in 
all previous practice. 

The arrangement subsequently adopted in several vesseb 
of the Dublin Steam Company admitted the air through 
niunerous apertures, and in a divided state. This mode, 
which has been clearly described by Dr. Ure in his Die* 
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tiofUtty of Arte under the bead of ^' Smoke NnJEsaxee" * was 
alwajfr eflectiTO when the draught was suffident for the 
doable sapplj of air, to the fuel in the bars, and the gas in 



* ** Smoke Nuisance. Among the fifty sevenl inTeniioiui ▼hich have 
been patented for effecting this purpose, with regard to steam-boiler and 
other large fumaoes, very few are snfficiently economical or effective. The 
first jtenon who investigated this subject in a truly philosophical manner 
was Mr. Charles Wye Williams, managing director of the Dnblin and 
laveipool Steam Navigation Company, and he has also had the merit of 
oonstmeting many fumaoes, both for marine and land steam-engines, which 
thoroughly preTont the production of smoke, with increased energy of oom- 
bnstion, and a more or less considerable saving of fael, according to the 
eaie of the stoker. The specific invention, for which he obtained a patent 
in 1839, consists in the introdaction of a proper quantity of atmospheric 
air to the bridges and fiame-beds of the furnaces through a great num^ of 

Fig. 88. 





' • • • 



- - » • « 
• • • • • , • 






tmaU orificeSf connected with a common pipe or canal, whose area can be 
increased or diminished, according as the drcumstanoes of complete com- 
bustion may require, by means of an external talre. The operation of air 
thus entering in email jete into the half-burned hydro-earburetted gases 
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the furnace chamber. The difference which attends its ap- 
plication was often considerable, and arose firom the want of 

over thefirta, and in the first fine, is their perfect oxygenation — the derelqp- 
ment of all the heat which that can prodace, and the entire prerentioa of 
smoke. One of the many ingeniotis methods in which Mr. Williams haa 
carried ont the principles of what he justly calls his Argand fuznaoe^ is 
represented at fig. 38, where a is the ash-pit of a steam-boiler fnznaee ; 
h IB the mouth of a tube which admits the external air into the chamber, 
or iron box of distribution e, placing immediately beyond the fire-bridge 
g, and before the diffusion, or mixing chamber/. The front box is perfo- 
rated either with round or oblong orificee, as shown in the two small 
figures e e beneath ; «? is the fire-door, which may haye its fire-brick lining 
also perforated. In some cases the fire-door prorjects in fronts and it^ as 
well as the sides and arched top of the fire-place, are constructed of perfo- 
rated fire-tiles, enclosed in common brickwork, with an intermediate spaes^ 
into which the air may be admitted in regulated quantity through a more, 
able Talve in the door. I have seen a fire-pUoe of this latter construction 
performing admirably, without smoke, with an economy of one-serenth of 
the coals formerly consumed in producing a like amount of steam from aa 
ordinary furnace. Very ample evidence was presented, in a Ute session, to 
the Smoke Pretention Committee of the House of Commons (July 1848) of 
the successful application of Mr. Willlams*s patent indention to many 
fdmaces of the largest dimensions, more especially by Mr. Heniy Houlda- 
worth, of Manchester, who, mounting in the first flue a pyrometrical rod, 
which acted on an external dial-index, suooeeded in obserring ereiy varia- 
tion of temperature produced by varying the introduction of the air-jets 
into the mass of ignited gases passing out of the fomace. He thereby de- 
monstrated that 20 per cent, more heat could be easily obtained from the 
fuel when Mr. Williams's plan was in operation, than when the fire waa 
left to bum in the usual way, and with the production of the usual 
volumes of smoke. Itieto he hoped that a law wiU be enacted in the pre- 
sent session of Parliament, for the suppression, or at least abatement^ 
of this ntUsaneef which so greatly disfigures and pollutes many parts of 
London, as well as all our manufiMSturing towns, while it acts injuriously 
on animal and vegetable Ufe. Much praise is due to Mr. Williams lor hia 
indefatigable and disinterested Ubours in this difiieult enterprise, and for 
his forbearance under much unmerited obloquy from narrow-minded preju- 
dice and indocile ignorance." 

It is here worthy of notice that although the above was written and 
published by Dr. Ure so many years back, it is now only in 1854 that Par- 
liament have interposed in the manner there suggested. 
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draught, or from the peirerae adherence to the old and lazy 
method of charging the front half of the furnaces heavily, 
even to the doors, while leaving much of the bridge end but 
thinly covered, as hereafter will be shown. Such a mode of 
charging the furnaces necessarily caused an irregular com- 
bustion of the fuel, and a. consequent excessive admission of 
air, counteracting all effects at appropriating separate sup- 
pKes to the coke and the gas. 

The introducing of the air to land boilers, in numerous 
films, or divided portions, was first practically adopted in 
1841, at numerous furnaces in Manchester, and at the 
water-works in Liverpool, and at the stationary engine 
of the Liverpool and Manchester Sailway, under the 
direction of the engineer, Mr. John Dewrance. That at the 
water-works, with a shaft of 150 feet high, had previously 
caused an intolerable nuisance ; both, however, have since 
remained unnoticed and forgotten, even by the authorities 
in Liverpool, apparently from the mere circumstance of the 
nuisance having been effectually abated, and attention being 
no longer drawn to it. 

With reference to the place for the admission of the air, 
it is here stated, advisedly and after much experience, that 
it is a matter of perfect indifference a$ to effect, in what part 
of the furnace or flue it is introduced^ provided this all" 
important condition he attended to, namely, that the meeha* 
nical mixture of the air and gas he continuously effected^ 
hefore the temperature cf the carhon qf the gas (then in the 
state of flame) he reduced helow that of ignition. This tem- 
perature, according to Sir Humphry Davy, should not be 
under 800^ Fahr., since, below that, flame cannot be pro- 
duced or sustained. This, in fact, is the basis of protection 
in the Miner's Safety-Lamp. In practice, the air has been 
introduced at all parts of the furnace, and with equally good 
effect. Its admission through a plate distributor, at the 
back of the bridge and at the door end, effected all that 
could be desired. 
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The adoption during the hist few years of the tuiular 
mfstem in marine boilers, is now to' be noticed, inasmuch as 
it rendered a different anangement absolntdiy neoeasaiy* 

The chief characteristic of the tabdar boiler is the short-' 
nes9 of the distance, or run, between the furnace and the 
tubes. The result is, the impossibility of effecting the 
triple duty of generating the gas, mixing it with the air, 
and completing the combustion within the few feety.KtA the 
fraction rf a second of time, which are there available. To 
obtain the desired effect the air was then introduced at the 
door end of the furnace ; thus, as it were, adding the length . 
of the furnace to the length of the run. 

The main object being the introducing of the air in a 
divided state to the gaseous atmosphere of the fonuMse 
chamber, the following experiment was made : The centre 
bar of a boiler, four feet long, was taken out, and oyer the 
vacant space an iron plate was introduced, bent in the form 
as shown in Eig. 39. 

Here, the upper portion of the bent plate, prcjeefcmg 



Fig. 39. 




three inches above the fuel, was punched with five rows of 
half-inch holes, through which the air issued in 56 streams. 
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Adequate mixtTtre was thos inataotly obtained, as in tlie 
Axgaai gw-bomer ; the appeannoe u newed through the 
sight-holes at the end of the boilers, - beisg ereo bril- 
liant, ood as if ttreamt offiame, instead of ^reaw* ofoMf, hod 
issued Ikhu the numerous orifices. It ia aeedlesB to add, 
that nowhere could a oooling efiect be prodoeed, notwith- 
standing the great Tolume of air so infaroduoed. 

Tha sectional view of the fumaoe, looked at from behind, 
as in i4g. 40, reiMresents the eharocter and diffiuiTe aotion 
of the flame. 

This led to the enlaifing of ««. 10. 

the iaat-voA of the furnaces 
Buffidently to admit the re- 
quired number of apertures 
and full Bupplj of air ; an 
arrangement which boa been 
for years in Buccesaful opera- 
tion, both in marine and land 
boileiB. 

In practice, tbe great diffi- 
culty lay in adapting tbe plan 
to marine boilers, the door- 
ways of which are made so 

contracted as to render it \ / 

impossible to introduce the 

required number of half-in^ orifices, as hereaftw will be 

shown. 

Sefore aramiTiiTig the respectiTe merits of the plans here 
referred to, it wiU be adrisable to notice one of the causes 
of derangement, and &om which many, though sound in 
princijde, were rendered inefficient in practice. 

On looking into the flues of land boilers, through suit- 
ably placed sight-holes, when the furnace is in full aotion, 
numerous brilliant i^arka may be seen, carried througb tbe 
flues with great r^idity, to the distance of ten to twenty 
foot before their luminooa charaoter is lost, and they become 
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deposited in the tubes, ov flues, or wherever eddies are 
formed. These sparks consist, chiefly, of particles of sand 
in a state of fusion. When these do not thus separate from 
the coal, they fall on the bars, and, combining with the 
ashes, form dinkera. These particles of sand, flying off at 
a high temperature, adhere to whateyer they touch ; and, 
with the dust, and small particles of cinders or coke, carried 
onward by the current, fill up the orifices in the au^distri- 
butor boxes, and, if not removed, prevent the passage of the 
required quantity of air. 

It is now proposed to give instances of such of the modes 
of constructing furnaces as have been hitherto adopted, and 
which illustrate any principle, or peculiar mode of action, 
worthy of notice. 



CHAPTER VII. 

Of VABIOtIS 7VBKA0E ABSAKGSMSNTS, WITH 
OBSEBVATIOKS THESEOIT. 

The following remarks on the peculiarities of the several 
plans of furnaces here shown, are the results of practical 
observations extended over a series of years, and may here 
be useful, as indicatmg what should be avoided, as well as 
provided, respecting the admission of air : — 

Fig. 41 represents one of the modes first adopted, under 
the patent for the Argand furnace of 1839 ; introducing the 
air in numerous jets. This was applicable to land boilers, 
where ample space was afforded for the perforated tubes, 
made of fire>clay, or cast-iron ; and was first adopted at the 
water-works in LiverpooL In this application the incon- 
venience arising from the sand and other matters in an 
incandescent state, adhering to, and closing the orifices, wsa 
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eonridenble. The plsn, as tinmij noticed (from Dr. Ure's 
Dictionary), was then Bubatituted, and baa continued ever 
■inoe in actiTe operation at th(»e works. 



The following are principally connected with marine 
boilers: — 
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Fig. 42 representB the oidinarj marine furnace* No pro- 
Tiaion whatever is here made for the admission of air, 
except from the ash-pit, and throngh the bars, and fiiel on 
them. It is needless to add, that, from the absence of air 
to the gas, a krge volume of smoke must here necessarily 
be produced. 

Fig. 42. 




Fig. 48. Farkes' Split Bridge. This plan, patented in 
1820, was effective when the consumption of coal and the 
generation of gas were small and uniform; or when the 
furnace was large, and heavLlj charged, to last for six or 



Fig. 43. 




eight hours, with slow combustion. The generation of the 
gas being uniform, and the demand for air moderate, the 
supply through the narrow orifice in the bridge was suffi- 
cient. This plan has formed the basis of several reinven- 
tions; the Fatentees either not being aware of it, or not 
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Bcknowledging (be BonTC» of ths effect for wbioh they took 
Kg- 44. 



Fig. 44. This adaptation of the split bridge in marine 
boilers was early made, by tbe then Engineer of the Dublin 
Steam Company, to avoid the collection of ashes in the 
lower shelf of the air-orifice, by which the passage of 
the air was obstructed. The fttrcaces being charged at 
short intervals, and the combustion rapid, the supply of air 
was insufficient. The aperture at the top of the bridge was 
liable to be choked with ashes and sniall coals, occasionally 
thrown over. 

F1S.4S. 



Fig. 45. This change was not found effective. The 
8e<xmd opening for the admission of ur, at the end of the 
ban, was quite irregular in its action, i It was also found to 
interfere with the action in the split bridge j the air pre- 
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faring, ftt certain states of the fuel, to enter by the open 
space at the end of the bars, as the nearest and hottest 
coarse, wheneyer that phM^e was uncoyered. 

Fig. 46. 




Pig. 4G. This was adopted in a steamer of large power, 
and was intended to remedy the eyil as stated in the last 
figore. The aperture being made larger, the air entered 
too much in a mass, and produced a cooling effect; and 
much fuel was also wasted by falling through into the 
ash-pit. This was subsequently altered to the plan here- 
after shown in Fig. 51 ; the bars being reduced from 7 feet 
6 inches, to 6 feet, and with good effect. 

Fig. 47. 




Fig. 47. This arrangement remedied that of the pre- 
ceding, by saying the fuel thrown to the end ; and which, 
falling on the small supplemental grate, was there con- 
sumed. In practice, howeyer, it was less effectiye as to 
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generating steam, and irregular in its action, and was rerj 
destructive of the bars. 

Fig. 48. 




Fig. 48. This plan, adopted in 1840, was one of the first 
applied to marine boilers, on the principle of the Argand 
furnace, by which the air was made to enter in divided 
gtreamSy through the apertures in an eight-inch tube, from 
behind the boiler. This plan was fullj effectiye so long as 
the perforations in the tube remained open. The small 
orifices, each but a quarter of an inch, however, becoming 
covered, and closed bj the sand and ashes, the supply of air 
was consequently diminished, and the tube became heated 
and destroyed. 

Fig. 49. 




Fig. 49. This plan, adopted in the steamer, the " Zeedty" 
was veiy effective so long as the inclined plate and its 
numerond orifices remained perfect. As^ however, it also 
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became dogged, or covered with coal, thrown over during 
charging, it warped, and became injured. 

Kg. 5(U 




Fig. 50. This alteration was made in the same boiler, to 
counteract the evil above-mentioned. The bars were 
shortened from 6 feet to 4 feet 6 inches. The air was 
here introduced through a plate pierced with half-inch 
holes. This was quite successful : ignition and combus- 
tion were complete ; no smoke formed, and the diminished 
combustion of fuel was considerable. The box, however, 
set in the bridge, was too small, and therefore liable to 
become filled hy the ashes carried in bj the current from 
the ash-pit; and the stokers neglecting to keep the air- 
apertures free, there was no dependence on its action. 

Fig. 51. 




Fig. 51. This anrangementy which remedied the above 
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defects, was adopted in the eteamer, the '^ Princess,** and 
also in the " Oriental " and '' Sindoetan,** employed in the 
Mail service in the Mediterranean. Perfect comhustion of 
the gas was effected, and, consequently, no formation of 
smoke. The numerous orifices are here removed from the 
direct action of the heat, or the liability to be choked. 
The regulating valve, originally placed on the apertures, 
to regulate the supply, was, after a little experience, 
found to be unnecessary, and was removed. This plan 
has become, practically, the most effective, and, during the 
last ten years, has been adopted in numerous marine and 
land boilers. The cost of the air-box was under forty 
shillings. 

Fig. 62. 




Fig. 53. 




Fig. 52. In this plan, the air was introduced through a 

F 2 
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tube laid on the bottom of the ash-pit, to avoid the cuirent 
of dust, and to enable the air to enter in a cooler state. 
This was found effective as regarded combustion, but, being 
still exposed to the sand, dust, and heat, as already men* 
tioned, was subsequently altered to that of Fig. 51. 

iFig. 58. This was a tubular boiler, and is here shown as 
it came from the maker in 1846. It was quite ineffective, 
giving much smoke, the tubes also being liable to injury by 
the shortness of the run. The air-box in the bridge was 
soon filled with dust and ashes, as here shown. The grate- 
bar being 6 feet 10 inches long, the flame necessarily 
reached the tubes, doing much injury to the lower tiers. 
This was altered, as shown in Fig. 54;. 

Fig. 64. 




Fig. 54. This is the same boiler, the furnace alteration 
being attended with considerable advantage. The bars were 
shortened from 6 feet 10 inches, to 5 feet 3 inches. The 
defect of the short run, and the limited time for combustion, 
incident to tubidar boilers, was, however, irremediable. The 
change in the length of the bars alluded to, reduced the 
consumption of coal considerably ; smoke was, to a certain 
extent, avoided, and the amount of steam increased. In this 
boiler there were 205 tubes of 2 j'inch area. Engines 190 
horse^power. 
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Pig. 55. 




Fig. 55. This was a larger steamer of 350 horse-power, 
with tubular boilers. The plan of furnace here shown 
represents it as it came from the maker. Three lengths of 
bars, 2 feet 8 inches each, JUled the entire space^ leaving no 
room for the admission of air to the gas. The consequence 
was, a great consumption of fuel ; a great generation of 
smoke; and much inconvenience and expense, from the 
destruction of the tubes and face-plate. 



Pig. 56. 




Fig. 56. This is the same boiler. The bars having 
been shortened, the air-box was introduced into the bridge. 
Notwithstanding the evils of the short run, the change here 
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mado was satisfactory. The importance of keeping the 
air-passage free«from obstruction was exemplified in this 
case. The air-box was introduced in the after-boiler, leaving 
the fore-hoiler as shown in Fig. 55. During the voyage, in 
which 90 tons 18 cwt. of coal were used in the latter, but 
81 tons 15 cwt. were used in the former. The engineer 
reported, that " when the gases are properly consumed, the 
best effect is produced ; good steam is obtained and less coal 
used." 
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Fig. 57. This boiler aiao was tubular, 17 feet 2 inches 
long. Shiginee 370 horae-power. It is bere shovm u it 
came from the maker. The grate-bats 9 feet ; dead plate 9 
inches. The area for the ftdmission of the air was quite in- 
adequate to the introduction of the necessary quantity. 
This boiler was then altered as in Fig. 58. 



Fig. 58. This is the same large steamer as in last 
nnmber: the air-box being introduced into the bridge; 
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the result was a considerable diminution in the fuel used ; 

a better command of steam, and freedom from the nuisance 

of smoke. 

Fig. 59. 




Fig. 59. This tubular boiler is here shown as it camefirom 
the maker ; grate-bars 9 feet 8 inches long, with dead-plate 
12 inches. No means for admission of the air to the gas. 
In this boiler the run to the end of the tubes being so short, 
the generation of steam depended, almost exclusirelj, on the 
large grate-surface ^from ten furnaces. The consumption 
of coal was very great, and the smoke very dense. From the 
shortness of the boiler there was necessarilj but little room 
for iroproyement. It was altered as shown in next plan. 

Fig. 60. 
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Pig. 60. The same boiler, altered as here described, allow- 
ing the air to enter hj a perforated plate. The inherent 
drfects of the short boiler, and short run, prevented the 
realising much advantage in this case. 




ha* 
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Fig. 61. This plan is here introduced as showing the prac- 
tical error of supposing that the gases could be consumed 
bj causing them to pass through ineandeaeent fuel. The 
effeet of this plan is to convert the gas into carbonic oxide; 
and which, from being invisible, created the impression, that 
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tbe ** 9moke was humed,*' It is needless here to dwell on the 
chemical error of such an assertion. The fallacy of imagin- 
ing that either gas or smoke, from a furnace, can be con- 
sumed by passing "throuffhy over^ or among^^ a body of 
incandescent fuel, as abeady^ shown, prerailed from the 
days of Watt to the present. Numerous patented plans to 
the same effect, might here be given, all haying the same 
defect, and equally ineffective. 

Fig. 62. 




Pig. 62. This was one of the numerous hot-air expedients 
pressed upon public notice, under the illusion, that by heat- 
ing the air, '' the smoke would he burned,** A large hoUow 
fire-bar, A, was placed in the centre, or sides of the furnace, 
with a regulating door for the admission of the air. The 
Admiralty having been induced to allow this plan to be 
adopted in the Steam Packet, the " Vrgeni^** at "Woolwich, 
the result was a total failure, and its consequent removal.* 
The supposed heating of the air being a mere assertion, 
made for the purpose of giving an appearance of novelty, 
having been wholly without effect, the result was, that it 
reduced the so-called patent invention to that of Parkes' 



* The *' Urgent,** Captain Kmerson, being then engaged in the Mail Service 
at Idrerpooli this steamer came under my notice. For the pnrpoee of testing 
tSie e£fect8 of this hoUow^har, I had an experiment made to ascertain the 
extent to which the air might be heated, and found no perceptible increase 
of heat conld be obtained bj it. 
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SpUt Bridge, with all its diaadTantageB when applied to 
nurine-boilera and large fumaees. 



Fig. 63. This was another modification of the Split Bridge 
plan. Mr. West, in his published Beport, on the methods 
submitted to the Public Meeting at Leeds, in 1S42, described 
this in the following terms : " It conaists of a regulating 
TSlre, hj which air is admitted into a passage through the 
bridge (the split bridge of Parkes' expired patent,) for four 
hours afler first firing. £7 this time the coal is coked, and 
the valve shut the remainder of the day." It is manifest 
there is nothing in this plan beyond the split bridge, accom- 
panied with the mode of firing and slow continuous combus- 
tion applicable to it. 
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Fig. 64. This is but another modification of the split 
bridge, though announced as a plan for heating the air^ by its 
passage through a body of hot brick-work. This plan, M. 
Peclet observes, was adopted in«France, but abandoned. 

Fig. 65. 




Fig. 66. 




A5D THE PEEYEKTIOir OF SMOKE. 109 

Eig. 05. M. Peclet gives this as one of Chanter's 
patents, which was also tried and abandoned in France. 
It will be seen that this is but a modification of the former 
plans. 

Fig. 66. This is another of the so-called hot-air plans, 
although it is nothing but the split bridge with a supple- 
mental grate, as adopted bj Chanter and others. The 
Patentee professes to hare the air '' intensely heated,^^ by the 
handful of scoria, or cinders, which fall on the supplemental 
grate. This plan being much pressed on public attention, 
the Patentee's own inflated diescription is here given, than 
which nothing can be more erroneous in a chemical point 
of view, or more unwarranted in practical effect.* 

Fig. 67, page 110. This is another of the hot-air plans, 
as given in Mr. West's Summary. The air is here supposed 
to be heated bj passing through the vertical tubes a, placed 
in the flue, and thence through the passage b, entering the 
furnace bj a single orifice, e. It is only necessary to observe, 
that it would be impossible that one-fourth part of the 
required quantity of air could there obtain access, unless by 

* " It will be seen that the inyention oonsiets in the combination of two 
sets of fixed fire-bars, the first of which is chiefly fed by the scoria and 
cinders voided from the second or upper set of fire-bars, with a calorific 
plcUe, the face of which may be protected by a few fire-bricks ; by which 
arrangement, the current of air entering at the lower part of the f amace, 
pcuses through two strata offire, and thence between the calorific plate and 
the bridge, and is thus so intensely heated as covUinuoiuily to produce the 
entire combustion of the gaseous products of the fuel, and to prevent the 
ordinaiy formation of smoke. It is, in effect^ a double furnace, confined to 
the limits of, and economically applicable to any common description of 
furnace : has all the advantages o{ahot blast vithout the cost of any pneu- 
matic apparatus ; is so oantrived as uniformly to distribute and keep up 
the requisite heat in boilers of whatever form ; and, whilst most eJQTectu- 
ally preventing the annoyance of smoke, and the usual deposit of soot in the 
flues, it causes an average saving of at least 20 per cent, in the quantity of 
f^el consumed, and also admits the substitution of the cheapest for that of 
a dearer quality, and of small instead of large coals, as further means of 
reducing the expense of consumption.** 
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80 enlargiDg the orifice as to produce a cooling effect, by its 
then entering en matte. Mr. West itates, that the Fateiitee 




" claims the right of mmg hot air for the purpose o 
suming smoke, in whatever manner the air me.j be heated." 
This ckim, it may safely be stated, none will be disposed to 
dispute. 
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It seems strange that these numerous advocates for the 
use of hot air, in ordinary boiler-furnaces, liave giren no 
information as to the degree of heat which they would give 
to the air, nor the means by which this heat would be 
imparted to it. They have made no experiment to test 
either: neither have they given any grounds for suppoaing 
that the air, when heated, would be more efiective. 
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Figs. 68 & 69, pp. Ill, 112. This plan, aa in Fig. G8, with 
the eectional view, 69, ia also l^en from Mr. West's Sum- 
mary, and is here iotroduced with the riew of further 
pointing to the hot air, and " amoke-buming" fallacy. The 
following is the description given by Mr. West: "The 
■mohe, after having passed along the flues marked F, is 
intended to be caught by tbe fan H, before reaching the 
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damper G, and, along with a sufficient quantity of atmos- 
pheric air, is propelled along the return flue I, into the 
enclosed ash-pit K, where it is again forced through the 
fire-grate C." It is not necessary to add any comment on 
what is so whoUy opposed to chemistry and nature. 

The plans of Brunton'* revolving grate, Jukes^s moving 
bars, or Stanley** self-feeding apparatus, need not here be 
described.* There is in these no pretension beyond what 
they can perform ; each acts the part intended, and, 
wherever there is room for their introduction, and that 
the uniform amount of heat produced by these means, falls 
in with the requirements of the steam engine, and the 
manufacturer, these will answer the desired purpose. 

We must here observe that these plans are inapplicable 
to marine furnaces, or where large quantities of steam, and 
active and irregular firing are required. 

The simple operation in these is, the keeping continuously 
a thin stratum of fuel on tht hare, and, consequently, an 
abundant supply, and even an excess of air, through it, to 
the gases generated in small quantities over every part of 
the fuel. Neither must we be led to suppose, that they 
effect a more economical use of the fuel. 

In an inquiry on the subject at the Society of Arts, much 
stress was laid on the annual saving by the use of the 
moving bars, at a large establishment in London. It 
appeared, however, that the saving arose, not from any 
more economic use of the fuel, or the generation of more 
heat, or by a more perfect combustion, but merely from the 
circumstance, that the mode of feeding the furnace, and 
keeping continuously a thin stratum of fuel on the grate, 
enabled the proprietor to use an inferior description of coal. 

* Stanley's appazatus was early applied on board the Dublin Steam 
Company's vessel, the ^^Liverpooiy Independent of its inconvement bulk, 
i\iras wholly defeotive, when applied to laiige fdmaoes, reqoiring the most 
actiTe filing, and the irregular demand for steam incidental to marine 
boilers. 
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In the case of boilers already construcfced, ifc may be 
asked how they should be altered so as to admit the 
required supply of air. In land boilers^ where the furnace 
doors are set in brick, they may easily be enlarged, and at a 
small cost, to allow space for the requisite number of 
orifices, the aggregate area of which should average fire to 
six square inches for each sqiuire foot of grate-bar furnace, 
according to the description of fuel. 

In marine bailers, however, the enlargement of the door 
end is troublesome. Where sufficient space cannot be 
obtained, it will be advisable, in addition to as many half- 
inch orifices as can be inserted in the back plate of the 
close door box, or in the neighbourhood of the door, to intro- 
duce the ordinary perforated air-plafce, as already shown 
in Fig. 51. This was the mode successfully adopted, in the 
present year, in the mail steam-packet, the *^ Llewelhfn.^^ 
The boilers being new, and the maker not having allowed 
space sufficient for door-frame plates of the required size, 
the deficiency was supplied through the ordinary perforated 
box in the bridge. 

The boilers previously in this vessel were remarkable for 
the continuous volume of dense smoke: the new boiler, 
independently of the absence of smoke, supplies more steam 
with a less consumption of coal. The contrast between the 
two modes of constructing furnaces, is well exemplified in 
the following extract from the report of Mr. Joseph Clarke, 
the Engineer of the Dublin Company, to whom this vessel 
belongs.* 

* ''The Holyhead mail ateam packet, ^ LUwdlyn,^ having now been at 
vork three months with new boilers, I have to transmit you the result of 
their pezformances. This vessel has two boilers ; one before, and the other 
abaft the engines. Their construction are precisely the same ; each having 
six furnaces. Both have all their furnace fittings exactly the same. In 
Older to put the smoke^preventton principle in contrast with the ordinary 
mode, the fort boiler was allowed to remain as it came from the maker, 
while the after one had the door frames of each of the furnaces (which are 
made with box mouth pieces) perforated with 149 holes, each ^ inch 
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Fig. 70. 




Fig. 71. 




In illustration of the alteration which should be made in 
marine boilers, Fig. 70 represents the usual mode of con- 
diameter, to admit the air. These not being sufficient, the perforated 
plate behind the bridge was added, in which there were 821 holes— in aU, 
470 holes ; the gross area of which is equal to about 5 square inches for 
each sqnare foot of fire grate. The result is, that the fore boiler giyes out 
a continuous Tolnme of dense smoke, and the after one none whatever. It 
is quite remarkable to see the steam blowing off from both boilers, and 
smoke only from one. I know nothing that could be more demonstrative 
of a principle than the contrast between the two boilers in this vessel. It 
attracted the attention of the i)assengers, and I resolved, therefore, on 
leaving the two sets of furnaces as they are for some time longer, to afford 
the public the opportunity of seeing that smoke prevention is practicable. 
When the vessel can be spared, it is my intention to make the furnaces of 
both boilers alike." 
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tracting the door end to the mere size of the door frame, as 
at a. Fig. 71 represents the mode of enlarging the opening, 
both at the sides and above the doorway at 5, to allow 
of the introduction of a sufficient number of half-inch 



04 




apertures, as shown in Pig. 72. It is here worthy of 
note, that as the ordinary mode of constructing the door 
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end of marine boilers is diflScult and expensive, as shown in 
Fig. 70, the mode shown in Fig. 71 is so much more simple 
as to cover all the outlay for the air boxes shown in the 
next figures. 

Fig. 72 represents one of the modes adopted where the 
boiler had been originally constructed to admit the required 
number of orifieee. This has been in successful operation 
for some years, and without requiring any repairs. In this 
plan it will be seen that air boxes are introduced at the 
sides and above the doors. The air entering to the upper 
box at a, and to the side boxes at h h. (The left represent- 
ing an outside, and the right an inside view of the orifices.) 
In the centre is a sliding plate P, by which, alternately, the 
right or left hand upper orifices may be closed, when either 
furnaces are about to be charged. 

As much stress has been laid on the value of having 
skilftil firemen, it is important to show in what their real 
duties consist. The annexed figures will explain the differ- 
ence in effect between the right and the wrong mode of 
charging a furnace. 

Fig. 78. 




Fig. 78 represents the proper mode of keeping a uniform 
depth of coal on the grate-bars ; — the result of which will 
be, a uniform generation of gas throughout the charge, and 
a uniform temperature in the flues. 
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Fig. 73a r^resdats the oTdmary mode of feeding martoe 
furnaces : obarging tlie Jront half as high, and sa near the 
door, OB possible, leaving the bridge end comparatively bare. 
The result neceaaarily is, that more air obtoiuB access 
through the uncovered bars than could be required ; thus 
defeating all efibrts at introducing the proper quantity in 
the proper manner. 

One important advantage arising from the control of the 
quantity of air is, that it enables the engineer to shorten 
the length of the grate by bricking over the after end of the 
bars, seeing that an unnecessary length merely gives the 
means of letting an improper supply of air pass in through 
the uncovered bars. 

The facility with which the stoker is enabled to counteract 
the best arrangements, nsturally suggests the advantage of 
meelianieal feeder I. Here is a direction in which mechanical 
skill may usefully be employed ; — the basis of success, how- 
ever, should be the austaiaiug at all times the uniform and 
BufKcient depth of fuel on the bars. 

Although the combustion of the gaaes in locomotive 
boilers does not come within the scope of these remarks, 
the peculiarities of the boiler, as shown in Fig. 74, are bo 
illnatrative of the principle of admitting the air through 
numerous orifices, that it here merits attention. 
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Fig. 74. This plan of boiler is the inyentioii of Mr. 
Dewrance, when Engineer to the Liverpool and Mancheater 




»5d 



Sailway Company, and was adopted in their locomotive, the 
" Condor." Bj this arrangement he was enabled to use coal 
instead of coke, and with entire success. It will here be 
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seen that the air enters from a separate passage to a number 
of vertical perforated tubes, fix>m which it passes to the gas, 
in a large mixing or combustion chamber, through numerous 
small orifices. The result is, immediate diffusion and com- 
bustion. The deflecting plate, to a certain extent, counter- 
acts the short run, or distance to the tubes.* 

In concluding these observations on the various modes of 
introducing air to the furnaces, it is only necessarj to add, 
that hy attention to what is here stated, manufacturers 
maj become independent of '^ smoke-burning" patents. 
All they have to do is, to imitate, as near as possible, the 
principle of the common Argand gas burner. Let them 
introduce the air hy numerous amaXl orifices to the gas^ in 
the furnace, as the gas is introduced hy small m*\fices to the 
air in. the hurner. They want no aid from any patentee. 
Let them begin by having as many half, or even three- 
quarter, inch orifices, with inch spaces, drilled in the door 
and door frame, as possible. If the furnace be large, and 
the door-plate frame is not sufficient for the introduction of 
the required number of holes, let them introduce the per- 
forated plate in the bridge, as shown in Fig. 51, and as 
described by Dr. Ure in his Dictionary of Arts, last Edition 
title, *' Smoke Nuisance." 

* A, deflecting plate ; B, combostion chamber ; C, common ooal fire ; 
D) cold air passage. 
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CHAPTEE VIII. 

OK THE PBOTIDIKG ADEQUATE IKTEBKAL SUBFACE FOB 
TBAKSMITTINO THE HEAT TO THE ^TATEB FOB EYAFO- 
BATION. 

On this head, marine boiier*iDaker8 content themaelyes 
with calculating the gross internal superficies ; and having 
provided a given number of square yards, of so called heating 
surface^ thej consider they have done all that is necessary 
for providing axj^tdequate supply of steam. 

This might be sufficient, were there any ground for 
assuming that a square yard of surface possessed a given 
evaporative power. Nothing, however, can be more vague, 
and, practically, more deceptive, than the supposed heat- 
producing value of a square foot of grate-bar, or the heat- 
transmitting power of a square yard of internal surfiEtce, 
both being, momentarily, subject to numerous influences 
connected with time, temperature, current, and position; 
and the ever-varying admission and action of the air. 

At present, practice and theory are utterly at variance on 
this matter. Take, for instance, the separate surfaces of the 
fire-box and tubes of a locomotive boiler, a square yard of 
the latter having but one-third the evaporative effect of one 
iu the former. Indeed, many instances might be given of 
the evaporative effect being increased by the removal of 
many entire tiers of tubes, and even by a large diminution 
of the gross area of surface. 

As to general efficiency, the fiue system is capable of 
supplying all that can be required, while it is free from the 
anomalies incidental to the multi-tubular plan. When 
larger quantities of steam are required for larger engines, 
this can be best obtained; not by additional tiers of tubes, 



122. THB oo:mbustiox of goal 

but by extending the areas and length of run; thus 
increasing the number of units of tifne^ distance^ and surfaeef 
along which the heat^transmitting influence may be exerted. 
It is a mistake, then, to suppose that the mere providing a 
large aggregate of surface can compensate for deficiency in 
the run, or the want of sufficient time. The heated products, 
will not, and cannot be forced instantaneously to spread 
themselves over the aggregate of surface that may have 
been provided. 

Among the influences which affect the transmitting 
power of any given surface, none are greater than the 
velocity of the current through the flues. The products of 
combustion being at a high temperature, are found to take 
the nearest, hottest, ov shortest course to the funnel, — entering 
the lowest tier of tubes Jirsi, — regardless of whatever surface 
may have been elsewhere provided; in fact, passing through 
but a limited number of their ranges. 

It is an error then to suppose, that by presenting addi- 
tional series of tubes, we can compel the gaseous products, 
hurrying to the funnel, to occupy them, or go out of their 
way, to take the course we may please to dictate. "With 
equal consistency might we expect that the rapid course of 
a river stream would be eased by providing additional surface 
in some adjoining district; but through which the direction 
of the current would not lead it. Lineal distance, or length 
of run, along which the heated products pass, is the most 
important, though the most neglected, element in the calcu- 
lation of surface. 

Among the modes of providing adequate internal surface, 
none have led to greater errors than the endeavour to make 
smaller and shorter boilers do the duty of larger ones, and 
supply steam for larger engines, by the adoption of the 
multi-tubular system. The result has been, a less perfect 
combustion; a larger development of opaque smoke; a 
greater waste of fuel and heat; and a more dangerous 
application of it. Where increased power was employed, 
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and a larger supply of steam was required, instead of pro- 
viding a corresponding enlargement of the boilers, engineers 
have inconsiderately adopted the loeomotioe tubular principle, 
apparently for no other reason than that it was smalkry but 
without considering the irreeoncileable differences in the 
two services, and the peculiarities incident to each. Not 
finding that the enlarged aggregate internal tubular surface 
produced the expected increased quantity of steam, they 
had recourse to the other alternative — the enlarging the 
areas of the fu/rnaees, and increasing their number — the 
generation of the steam almost exclusively depending on 
the plate surface in connection with them. 

The adoption of the tubular system in marine boOers 
was also accompanied by this anomalous proceeding ; that 
while the areas of the furnaces and grate-bars were enlarged, 
more fuel necessarily consumed, and more gas generated, 
nevertheless, the time and distance allowed for the trans- 
mission and absorption of the increased quantity of heat 
generated, were both actually diminished. 

It is clear, therefore, that in these arrangements all the 
requirements of nature were disregarded. All merged in 
the one consideration, — the diminishing tlie size of the 
boiler, increasing the area of the furnaces, and providing a 
larger aggregate internal surface by the tubular system. 
The question, indeed, seems never to have been raised, 
whether that additional surface was ever, or to what extent, 
brought into action.* 

* Under the head of ** Want of general prmdples in the constmction of 
marine boilers," Br. Lardner justly obserres, * 'there cannot be a more 
striking proof of the ignorance of general principles which prevails respect- 
ing this branch of steam engineering, than the endless variety of forms and 
proportions which are adopted in the boilers and fomaces which are oon- 
stmcted, not only by different engineers, but by the same engineers, for 
steamers of like power and capacity, and even for the same steamer at 
different times." He then adds, ''The original boilei*s of the Great 
Western built for the New York and Bristol voyage, was of the flue tort * 

o 2 
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As to the importance of time and distance^ in connection 
with surface, it is onlj necessarj to point to the len^k 
ofthejlame, in ordinary boilers, that being an unmistakeable 
evidence of the duration of the process of the combustion of 
the carbon ; and which process cannot be interfered with, 
unless bj the loss of that heat which would have attended its 
completion. 

The following experiment will give a sufficieutlj correct 
view of the duration of this process, and what ought to be 
the distance and surface allowed to take up the heat. In 
this case, the boiler was 15 feet long ; the furnace 4 feet 
8 inches, with a returning upper flue. The air was properly 
supplied, the combustion perfect, and no smoke generated. 

t:*,.^ Length of flame after 
^"**' a/reOickarffe. 

After 5 minates, 10 feet from the briUge. 
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During the last ten minutes, the flame ceased to be that 
of coal-gas (carburetted hydrogen), and had become that of 

these were subBequently taken out and replaced by tubular boilen ; the 
dimeosioQS and relative proportions of these two sets of boilers were as 
follows." — He then gives in detail aM the particulars, the leading points of 
which are as follows : — observing that ** this vessel was less efficient with 
the second set of boilers.*' 

Original Boiler. Second Boiler. 

Nominal horse power . . 400 400 

Total heating surface . . 3840 square feet. 7150 square feet. 

This is sufficient to prove the falla<7 of a large aggregate of heating 
surface. The first boiler, which was a good steam producer, had 9 
square feet per horse power; the second, the tubular one, about 17 
feet — nearly double — yet the generation of steam was inferior in the 
'Hter. 
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eoke^gaa (carbonic oxide). There could be no mistake in 
thisy the colour and character of the two gases being so 
different and well defined, as may be clearly observed 
through the sight holes, placed opposite the furnace. 

Had this been a tubular boiler, the run from the furnace 
to the funnel, instead of being 36 feet, would not have been 
one-tenth of that distance. The flame, which at one time 
we see extended to 22 feet, must necessarily have been 
violentlj cut short and extinguished ; or its heat expended 
in the chimney. The atoms of carbon would have been 
converted fW>m the incandescent state of flame into the 
black element of smoke ; heat would have been lost to tho 
boiler, and the tubes would have become lined with the 
^on-conductor soot. 

If the flame passing from a furnace be clear, the combus- 
tion may be considered as complete, and the full measure 
of heat obtained from the fuel — the pyrometer indicating 
the available amount of that heat. Mr. Dewrance states, 
respecting a land-boiler, properly fitted with the perforated 
air distributor : — " We have a dear flame along the flues to 
the distance of 30 feet from the fire, apd the flues at that 
distance are quite hot ; previously to the admission of air in 
the proper manner, this part was quite cold." Now, had 
this been one of the usual short marine tubular boilers, what 
would have been done with this flame, or the heated pro- 
ducts passing from it ? and of what avail would have been 
the surface of the series of small tubes ? It is manifest, 
then, that this question, as to the length of the flame, and 
the demand for time and distance, was not sufficiently con- 
sidered, when the tubular system was introduced into 
marine boilers, unng coaly in imitation of the locomotive 
uwng coke, 

Agaiii, in addition to the heat obtained by direct radiation 
from the flame, we have to consider that large quantity 
which would have been given out by the gases, if their 
eombmiion had been completed. It may here be observed 
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that it is the obtaining tbe service of the heated productft 
by an adequate run of flue, with sufficient time and surface^ 
that characterises the Cornish bailers. In these,'[^the main 
feature consists in generating, bj slow eombusiion^ no more 
heat than can be taken up, and transmitted to the water. 
In this respect, then, it is the direct reyerse of the tubular 
system* In the former, there is slow combustion,^— a conti* 
nuous small development of combustible gas, — ^a long run, — 
abundant absorbiug surface, — a moderate rate of current, — 
free access of the water to the flues, — and sufficient time to 
enable the surface plate to do its duty; — added to the 
adoption of every possible means of preventing the loss of 
heat, externally, by clothing the outside of the boiler. 

In the marine tubular boiler^ on the other hand, everything 
is the reverse. There is the most rapid combustion, — the 
largest and most irregular development of gas, — a rapid 
current, — a short run, — ^a restricted and imperfect circu- 
lation of the water, — and a total inadequacy of time for the 
transmitting and absorbbg processes, with a great waste of 
heat by radiation from the boiler. 

Another serious evil of this tubular system, and its short 
run, which carries the heat away so rapidly, is, the over»heated 
state of the funnel and steam-^hest; and the consequent 
danger to the part of the vessel in their immediate con- 
tiguity. 

The cause of such heat in a situation where it can be of 
no avail for the purposes of evaporation, has not been suffi- 
ciently inquired into. To this circumstance, without doubt, 
was attributable the destruction by fire of the Amanon 
steam-ship. The excessive heat of the lower part of the 
funnel, the take-up and steam-chest, — both of which were in 
that vessel under deck, — created a source of danger which 
does not exist in vessels where both are above the main 
deck. 

With reference to the availability of the tubular surface, 
even the horizontal position of the tubes, and their being 
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ranged in tiers above each other, is peculiarly unfavorable. 
The lower tiers presenting the nearest opening for the 
escape of the heated gaseous products, are first occupied, 
and at an accelerated rate of progress. 

Mr. Atherton has giren the most convincing proof of the 
waste and danger of the tubular system. Speaking of the 
combustible gases evolved from coal, he observes that '* after 
having passed through the tubes, the proceeds from all the 
different furnaces become collected in the up-take and 
funnel ; and being there combined and mixed together, they 
burst into useless combustion, frequently making the funnel 
red hot.** This is unquestionablj true, but it only shews 
that the combustible ^ases must have passed through the tubes 
uneonsumed; and having, in the smoke box, encountered the 
air (which should have been supplied earlier), '*^^«n htrst 
into useless combustion.** 

But there is a more important reason for the large 
" sectional area'' in the flues which has not been referred 
to by writers on the subject, viz., that it is absolutely 
essentia], chemically, to the completion of the process of 
combustion and the disposing of the products, of which water 
is so large a one, as will be shewn hereafter. 

In calculating the effective surface, then, it should be 
taken with reference to the length of the road, so to speak, 
along which the heated products have to travel in their 
hurried course, rather than to the breadth, or enlarged 
areas, which may be laterally or accidentally provided, but 
which are practically not used or available. 
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CHAPTER IX. 

OF FLAME, AKD THE TEMFEBATURE REQUIRED FOR ITS 
FRODUCTIOK AND COKTINUANOE, AND ITS MAKAOS- 
MENT IN THE FURNACES AND FLUES. 

Treating of the temperature required for the combustion 
of carburetted hjdrogen gas, is virtual] j treating offlamCy 
which is the first product of that combustion. On this 
subject we may take Sir Humphrey Davy as our guide, as 
he made it an object of such special inquiry. In his 
" Eesearches on Flame," he observes, " I shall proceed to 
describe the origin and progress of those investigations 
which led me to the discovery of the principles by which 
flame may be arrested and regulated. I first began with a 
minute chemical examination of the substances with which I 
had to deaV* So far from adopting the same rational course, 
though dealing with the same subject, writers of the present 
day begin with calculations respecting the proportions of the 
vessels into which the several substances are to be intro- 
duced, while they omit the "chemical examination of the 
substances** themselves. 

Having, after numerous trials, ascertained the volume of 
air required for the combustion of the gas, he next treats of 
the temperature required for the production of flame ; that 
is, for igniting the given mixture of gas and air, which he 
calls an " explosive mixture.*'* " This mixture," he observes, 
'* was not exploded, or fired, bj red hot charcoal, or red hot 
iron; it required the iron to be tchite hot for its inflam- 
mation." 

That this heat is required for the ignition of the first 
mixed group of gas and air to which it is applied, we have 
daily proof, when, to light the gas in our apartments, wo 
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apply the beat of a separate flame before ignition takes place. 
Tbis is confirmatory of the high temperature described by Sir 
H. Dayy, since, as he observes, ** the temperature of iohite 
hot metal is far below that of flame,** Now, in lighting the 
gas from our burners, we are apt to oyerlook the all import- 
ant fact, that it is not the gas which we ignite, but the 
mixture of gas and air. On the taper being applied, explosion, 
or sudden ignition, then takes place of just so much^ or so 
many groups, of the gas and air, as have obtained the necessary 
atomic contact, and no more. 

That a high temperature must, unintermittingly, be main- 
tained in the chamber part of the furnace, will at once be 
understood, when we consider, that flame, continuous though 
it appears to be, is but a rapid succession of electric explo- 
sions of atoms, or groups of atoms, of one of the constituents 
of the gas — the hydrogen with oxygen ; and as rapidly as 
their respective atoms obtain access and contact with each 
other ; the second constituent — the carbon — taking no part 
in such explosions. Whatever, therefore, interrupts this 
succession ; (that is, allows the explosion of one group to be 
terminated before another is ready, and within the range of 
its required temperature), virtually causes the flame to 
cease -, in ordinary language, puts it out. 

Again, if by any cooling agency we reduce the tempe- 
rature below that of accension, or kindling, the eflect is the 
same : the succession is broken, and the continuousness of the 
flame ceases ; as when we blow strongly on the flame of a 
candle, by which we so cool down the atoms of gas that 
they become too cold for ignition^ and pass away in a 
grey-coloured vapour; but which, by contact with a 
lighted taper, may again be ignited, and the succession 
restored. 

Thus we see there are two modes by which flame may be 
interrupted, that is extinguished ; both of which are momen- 
tarily in operation in our furnaces. 1st. By the want of 

successive mixture or groupings of air and gas. 2nd. Whe^ 

o 3 
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the gas is reduced in temperature by cooling agencies, aa 
will hereafter be shown. 

Luminosity is not an element in the generation of flame. 
It is merely the result of the presenee of some other and 
solid matter — the degree of luminosity being in propor- 
tion to the quantity and temperature of such solid matter. 
In the combustion of coal gas, flame is caused by the union 
of the hydrogen with atmospheric oxygen, the heat produced 
being intense, raising the carbon, if present, to the state of 
incandescence, and producing the effect of luminosity. Here 
we may admire the wonderfol adaptation of nature to human 
wants. Without the hydrogen there would be no heat, and 
without the carbon there would be no light. The luminosity 
of the incandescent carbon, then, is the mere result of that 
high temperature which is essential to its own subsequent 
combustion, or chemical union, with oxygen. 

Let this fact, then, be borne in mind, as it indicates the 
cardinal point of the whole process in ourfumacesy namely, 
that it is not the gasy but the mixtwre^ the compound of gas 
and fftr, that is ignited, and which produces the flame, with 
its heat and luminosity. 

This necessary condition of mixture clearly exposes the 
error of supposing that the gas may be ignited or consumed 
by being made to pass over, or in oonneetion with the red hot 
fuel. Sir H. Davy has show that no degree of heat will 
consume gas — combustion being, not the heat in the gas, but 
the ehemieal union of its constituents with the oxygen — miS' 
ing being but the preliminary operation of bringing those 
constituents and the supporter of combustion into atomic 
contact, or within the sphere of chemical or electric action. ' 

The two essentials of combustion being laid down by Sir 
H. Davy, viz. — temperature and contact^ he then considers 
the management or treatment of the flame, and the means 
by which it may be effected or extinguished. He states, that 
on mixing one part of oarhonie acid with seven parts of the 
mixture of gas and air ; or one part of nitrogen with six 
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parts of the mixture, their pouws of eaplotion toere ifo- 
siroyedf — ^that is, i^Hion loas prevented. Here is a fact 
neyer to be lost sight of, inasmuch as its application is 
caUed for in every stage of the process in our furnaces and 
flues. 

Again he observes : '^ If combustible matter requires a high 
temperature for its combustion, it will be easily extinguished 
hy rarefaction or by oooUng agencies^ whether of solid sub- 
stances, or of incombustible gases." This is highly instruc- 
tive ; yet, the supplying these very means for extinguishing 
the flame are the characteristics of the tubular system, 
namely, — " destroying the high temperature by rarefaction^ 
cooUng agendeSy and mixing with incombustible gases^ 

On examination of what passes in furnaces using coal, 
we see the direct connection between its eflect, and what Sir 
H, Davy so clearly points out as the means of extinguishing 
the flame. On looking into &Jlue boiler from the back end, 
a body of flame will be seen flashing along from the bridge, 
and if air be properly introduced, extending a distance of 
20 to 30 feet. This is the appearance which has to be 
sustained until the process of combustion be completed, if we 
would have the full measure of heat developed. 

On the other hand, looking into a tubular boiler, across 
the smoke-box, the light of the flame may be seen through 
the tubes ; but, on entering their orifices, or at a short 
distance within them, it will appear to be suddenly cut short 
and extiuguished, and converted into smoke, as shown in 
Eig. 75, Plate 4. 

The distance, then, to which flame will penetrate tubes, 

Irfore being extinguished, will depend on the rapidity of the 

current, — the size of the orifices, — and the quantity and 

character of the gaseous products, entering in company and 

in contact with it. These products are — 

From the cok« • • carbonio Acid and nitrogen. 

From the gas • . carbonic acid, nitrogen, and steam. 

Here we have the very incombustible gases referred to 
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by Sir H. Davy, — not even in small, but in very large 
quantities, — forced into the most intimate possible mixture 
with the flame. The result necessarily must be, the 
reduction of its temperature, and consequent extinguish- 
ment. 

Impressed with the importance of the connexion between 
temperature and ignition, Sir H. Davy dwells on the fact* 
and repeats, that " flame, whether produced from the com- 
bustion of large or small quantities of explosive mixture 
(gas and air), may always be extinguished or destroyed by 
cooling agencies ; and, in proportion to the heat required to 
carry on combustion^ so it is the more easily destroyed.^* 

Again, he observes : — " In reasoning on these phenomena, 
it occurred to me that the eflect of carbonic acid and 
nitrogen, and of the surfaces of small tubes, depended on 
their cooling powers ; upon their lowering the temperature of 
the exploding mixture so much, that it was no longer 
sufficient for its continuous inflammation V It is impossible 
that words can be more explicit, or more applicable, and 
cautionary, as to the consequences of bringing these incom- 
bustible gases into contact with flame. Yet this mixture, and 
these cooliug agencies, are promoted in the most palpable 
manner and to the greatest extent, by forcing the flame, 
together with these gases, to enter the hundreds of long 
narrow metallic tubes, with their small* orifices ; — thus 
dividing into numerous films, and destroying the body and 
intensity of the heat, which should have been preserved ; 
since, as he observes, — " the heat communicated by flame must 
depend on its mass,** 

Under the circumstances of an ordinary ^tt^ boiler, if the 
flue be of sufficient area, the products of combustion separate 
themselveSfSiS seen in the flame of a candle, and as will hereafter 
be shown. So in the flue, the hottest portion, and the flame 
itself, will take the upper part, thus avoiding that unnatural 
mixture with its own incombustible products — carbonic acid, 
nitrogen, and steam ; but which in the tubular system are 
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again forced into contact with the flame from which thej 
had separated themselves. 

That the temperature within the tubes will be reduced 
below that required for continuous ignition, may be tested 
bj looking into them through apertures across the smoke- 
box end, or bj introducing shavings or paper fixed to the 
end of an iron rod. In most cases (unless when the fuel on 
the bars is clear) the paper may be passed in and with- 
drawn, blackened vrith soot, or unscorched, according to 
the state of the furnace, indicating the low temperature 
within the tubes, and their utter uselessness at steam 
generators. 

In speaking of the evils of the tubular system, these 
remarks have no reference to its application in locomotive 
boilers, where coke alone is used, and for this self-evident 
reason, that no hydro-carbon gas or fuliginous flame has 
there to be encountered. In the tubes of the locomotive 
there is, in fact, no chemical or practical reason why the 
heat may not be abstracted from the products with the 
greatest rapidity. 

Looking, then, at the practical eflect of these numerous 
narrow orifices, and the diminution of the temperature, 
consequent on its division, it would be impossible for 
ingenuity to have devised a more perfect mechanical mode of 
effecting that rapid and intimate contact between the flame 
and the ineombustible gases^ described by Sir H. Davy 
as being so injurious to the continuing high temperature 
of that flame, and, in a word, so effective in its extinguish- 
ment. 

The inference which this inquiry leads to as regards the 
high temperature required, — 1st, for the ignition, and 2ndly, 
for the sustained existence of flame is, that the tubular 
system is chemically, mechanically, and practically a destroyer 
of both. 
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CHAPTER X. 



Fig. 77. 
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or THE OIBOTrLATIOir OF WATER IN THE BOILEB. 

This important branch of the subject — promoting eircnk- 
tion in the water in evaporative veaaels — appears to have 

hitherto received but little attention; yet 
promoting circulation is virtually {promoting 
evaporation. Mr. Perkins proved by numerous 
experiments how much evaporation was in- 
creased by an unembarrassed action of the 
ascending and descending currents of the 
water : since then, no further effort has been 
made in that direction. If sufficient space 
be allowed for the action, the ascending 
and descending currents will of themselves 
take such directions as are most favourable 
for their respective function, as in Eig. 77, 
where an ascending current is seen in the 
centre, and a descending one on the sides. 

Dr. lire observes, " when the bottom of a 
vessel containing water is exposed to heat, 
the lowest stratum becomes specifically lighter, 
and is forced upwards hy the superior gravity 
of the superincumbent colder and heavier par- 
tieUsy Here we have the correct theory 
of circulation: no particle, or stratum of 
water or steam (whatever may be its tem- 
perature), being able to ascend, or change its 
position, until some colder or heavier particle is present, to 
take its place and ^^ force it upwards,^* This is the raUaiude 
of all motion in gaseous, or fluid bodies, arising from the mere 
difference of specific yravities. Thus, when we speak of atoms 
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ascending, we must be considered as meaning their being 
*^ farced vpumrdsy^ — ascending being a compulsoiyy and not a 
voluntary, act. This elementary view of the motion should 
be kept in yiew, as it is the basis of all that follows ; and as 
we are too often led astray when considering the aseending 
body of steam or water, but neglecting that deMcending body 
by which it is to be ^^ forced upwards." 

In the ease of solida, heat passes &om atom to atom by coH' 
duetion^ — ^no perceptible change taking place in their relative 
bulk, weight, or position. In the case of a fluid, the entire 
mass being put into motion by its intestinal currents, circu- 
lation is continued, and ultimately the temperature of 212" 
is obtained, which has been termed the boiling point. 

We hare now to examine the dass of motions and currents 
which are the result of this boiling operation. If we could 
suppose that there was no motion among the particles of 
water during the act of boiling, and that the atoms of steam 
aJone rose to the surface on being produced, — ^in such case, 
circulation would be unnecessary, and the contraction of the 
water spaces in boilers would be a matter of no importance, 
as water would then be always present on one side of 
the plate to receive the heat transmitted through it 
from the other : such a state of things, however, is contrary 
to the laws which influence the change of temperature in 
fluids. 

So far as regards the motion in "WAter, previotts to ebuUition, 
it has been commented on by all writers on the subject. 
The act of boiling, however, creates a species of currents of 
an entirely difierent and important character. These have 
not received due attention, yet they are the most import- 
ant, inasmuch as they influence not only the amount of 
evaporation, but, as will be shown, the durdbiliUf of the 
boiler itself. 

With reference to the movements among the particles in 
water, it is a mistake to suppose they will descend in the 
same tcrtieal lints in which they had ascended, as a shower 
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of rain would through the opposing atmosphere. Such ■ 
direction would be impracticable on accountof the resiatance 
of the ascending currents of both ateam and water, caused 
by ebullition. This may be illustrated by the annexed draw- 
ings. Fig. 78 represents a supposititious case of the particles 
of water on reaching the surface, turning and descending in 
the same vertical lines in which they had ascended. Fig. 79 
represents the ascending particles of water ^in'tty aJong the 
lurfaee io the eoohit and least oltlrueied part for their 
ieieending eourte. This is nhat takes place in all boilers. 



Fig. 78. 
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When be&t is first applied to water, the unifomiity of the 
motion is the mere result of diminished specific ffraoitg, that 
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being then tbe 9ole motive power. After ebullition, how- 
ever, a new state of things is created. The columns of rising 
steam obtain great physical power, violently and mechani- 
callj forcing upwards the water which comes in their way. 
Vertical streams are thus induced, putting in motion a hody 
of water far greater than teould he required for merely taking 
the place of that which had been converted into steam. Now, 
as bodies or streams of water, commensurate with these 
continuously forced upwards, must necessarily retivn to 
prevent there being a vacant space, it is for these returning 
or downward currentSy of what may be called surplus water, 
that we are called on to provide both space and facility. 

Fig. 80. 
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He diib«Qce in the charactet of the ourrents itfora and 
afier ebullitioa are shown in the annexed fignrea. These 
lOBj be well obserred in a gUsB resael, of the shape here in- 
dicated, and about 1 or S iochee wide, suspended over the 
flame of an Ajgand burner. Fig. 60 represeatB the uniform 



moHon which tokea place t^ort ebullition. Fig. 81 re- 
presents the water after ebullition in its descending and 
rercdring currents, forcing the rinng eolumne of tteam aeide 
from their vertical courie, as marked hj the arrows. These 
motionB, which are not perceptible if the water be tree &om 
foreign matter, will be seen on throwing in a great number of 
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email bita of paper, so as to occupy all parts of the water. 
The entire mass will then be exhibited in violent and reyolving 
currents — ^the ascending steam occupying one side, and the 
descending body of water rapidly descending in some other 
part^ but manifestly oeeupyinff a much larger area of the vessel 
than the ascending portion. 

Pig. 82. 




So great is the asoensimial energy and Telocity of the 
rising steam, and the extra water forced before it, that 
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Pig. 88. 





aerouB globules are borne along bj the current, and 
ried even downwards. These may be observed at a. Fig. 
8i;in their slow osciUating motion, struggling 
to return upwards through and against the 
force of the descending water. These moye- 
ments are highly instructiye, and should be 
well examined, since, without an accurate 
knowledge of them, we cannot haye a right 
conception of what is required for giving a due 
drculation to the water, and arranging the 
flues and water spaces in boilers to enable 
those motions to be completed. 

The influence exercised by the descending 
body of water was strikingly illustrated in 
an experimental tin boiler, 12 inches long, 
with a single flue running horizontally through 
it, the water being heated by the flame of a 
large laboratory gas lamp. The boiler being 
open at the top, the movements of the steam 
and water were thus ascertained, as shown 
in Eig. 82. So soon as the ebullition became 
strong, the water spaces round the flue ap- 
peared insufficient to aUow the steam to 
ascend, and the water to descend, equally on 
both sides. The consequence was, that much 
of the water forced up by the steam on the 
one side, was carried over by its violence, 
and descended on the other, thus making a 
circular course round the flue, and forcibly 
carrying along with it much of the steam 
that came in its way. This circular motion 
is shown by the dotted arrows representing 
the 8team, and the plain arrows, the water. 

With the view of observing the injurious 
consequences of restricted water-ways, a very 
ful class of observations may be made by using a tali 
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narrow glass as in Fig. 83, attached to a tin or iron yessel, 
with a flat bottom, to receive the heat from an Argand 
burner, or spirit lamp. 

Here the defending water is so obstructed bj the joint 
columns of ascending steam and footer, that both are thrown 
into great confusion : — their respectiTe currents continually 
changing sides, and the progress of evaporation considerably 
delayed. We here obtain a clear practical view of what 
must take place between the flues or tubes of boilers, with 
their usually restricted water-ways. 

The violence and intermittent action which ensues where 
separate channels or sufficient space are not available, will 
be well illustrated in the following experiment: Fig. 84 
represents two long glasses, eiich 2 inches wide by 18 
inches long, a and b connected by means of a tin apparatus 
c and D, at top and bottom, leaving the communication 
open above and below ; the whole being suspended oyer a 
fire, or circular series of gas jets producing a strong heat. 
On the heat being applied, a current of mixed steam and 
water will be seen ascending in one glass, and descending 
in the other, as indicated by the arrows. There being 
here no confusion or collision, a state of things will be pro- 
duced highly favourable to the generation of steam; the 
colder water finding easy and continued access to the heated 
bottom of the vessel at e. 

If, however, the communication between the two glasses 
be cut off by inserting a cork or plug in one of the glasses, 
as seen at p. Fig. 85, the circulation in glass b will be 
suspended, and the glass a will then have the double duty 
to perform of allowing the rising steam to reach the surface, 
and the descending water to reach the bottom at e. The 
previous uniform generation of steam will then be succeeded 
by an intermittent action, explosive violence alternating 
with comparative calm and inaction, clearly indicating that 
the latter is only the interval of accumulating force to be 
discharged by the former. The rationale of this inter- 
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xnittent action is, that the water being obstructed in its 
descent, the steam is necessarily delayed or accumulated in 
the lower chamber, and only discharged at intervals. The 
motions exhibited in these intermittent changes are little 
understood, and have not been examined either scientifically 
or practically ; yet this branch of hydrostatics merits the 
most serious investigation in connexion with the construc- 
tion of large boilers^ 

Again, this accumulated steam getting sudden vent is 
discharged with great yiolence, literally emptying both the 
glasses and lower chamber. An equally violent, but more 
sodden, reaction of course follows, and a large body of 
colder water as suddenly rushes down to fill the space 
vacated. An interval will then necessarily be required to 
raise the temperature of this large supply of colder water, 
and restore the previous state of ebullition. 

Here, then, we have a luitural and physical cause for the 
intermittent action on the small scale which takes place in 
boilers on the large scale, where free circulation is impeded 
by the want of adequate space. Here also may be seen the 
true source of priming in boilers where the act of ebullition 
is violent. 

In this experiment, although there was nothing to inter- 
cept the steam and water in their ascent, the intermittent 
action continued at intervals of one or two minutes. At 
each irruption, the steam and water were forced to a con- 
siderable height, and on ifs return, striking downwards into 
the vessel, shaking the apparatus with such violence as 
apparently to threaten its destruction, the blow received 
internally being accompanied with a noise as if a heavy 
body had fallen on the floor. From the great violence and 
explosive character of the ascent, when the intermittent 
action occurred, it was manifest that had the vessel been a 
close one, no safety-valve would have been sufficient to 
relieve the outburst of these irruptions. 

The wholesome action of a safety-valve depends on a 
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BuppoBed uniform and progressive increase of volume and 
pressure of the steam ; yet, practicallj, nothing of the kind 
takes place : all is intermittent, indicating a succession of 
eruptive efforts in discharge of the accumulated steam. In 
truth, after ebullition has begun, the whole process is 
intermittent, — ebullition itself is an intermittent, but 
hitherto unexplained, action. Here, then, we have a prac- 
tical exemplification of at least one of the causes of these 
explosions which have latterly become so frequent. These 
experiments were repeated with numerous alterations in 
the relative length and diameters of the glasses, each pre- 
senting some new phase of the process of vaporization, 
indicating that a highly important field still remained for 
investigation, and bearing practically on the subject of the 
areas required for the efficient circulation of the water and 
generation of steam. The subject, however, is too extensi?e 
and too important to be here entered on, and must be 
examined more at length than would here be practicable. 



CHAPTER XI. 

ON THE CIBCULATION OF THIS WATXB IN BSLATION TO 
£YAPOEATION, AND ITS INFLUENCE ON THS TBAN8- 
MISSION OF HEAT. 

With reference to the currents in water caused by the 
application of heat, the first point for consideration prac- 
tically is, the direction in which the atoms of water approach 
the plates where they are respectively to receive heat. 

Bemembering that before any particle of water can 
leave the heated plated, and rise to the surface, m steam, it 
must be ** forced upwards hy same colder and heavier 
particles.** Unless, therefore, a due succession of such 
particles be enabled to take their places as rapidly as others 
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haiwe received tbe beat due to tbeir vaporiEatioQ, the plate 
itself eannot be relieved of its heat, aud consequently, 
evaporation must be retarded. 



Fig. 86. 



Fig. 87. 
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To illustrate tbe direction in wbicb tbe particles suc- 
cessively approach tbe heated plate, Fig. 86 represents a 
vessel of water — the beat being applied from beneath, Tbe 
question here is, whether the colder atoms which are to take 
tbe places of tbe atoms of vapour, generated at tbe point 

A, will approach that point in tbe direction of tbe arrows 

B, c, or D. From what has been just shown, it is manifest 
they cannot arrive in tbe downward direction of B, and 
must necessarily come in that of either c or d. 

Again, suppose the heat be applied laterally^ as to the 
side plates of a frtmace, Tbe question then will be, 
whether tbe colder atoms will approach the point a, as 
in Fig. 87, in tbe direction of tbe arrows b, c, or n. For tbe 
same reasons it will be seen that it must be in that of either 
o or D. This is manifestly in favour of vertical, rather than 
horieontal surfaces^ as practically has been proved in the 
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case of vertical tubes. This advaDtage may be accounted 
for bj the fact, that the currents of the atoms of vapour, 
and that of the water about to be converted into vapour, 
will then be running in one and the tame direction^ and 
consequently, without obstruction or collision. 

Now as vaporization does not depend on the quantity of 
heat applied to the plate, but on the quantity taken from ity 
the amount of evaporation will be determined by the 
rapidity with which the colder atoms of water obtain access 
to the heated plate. Hence we see how more important it 
is to study the means of giving that access of the water to 
the one side of the plate, than of heat to the other. 

The annexed figures will illustrate, practically, the direc- 
tion in which the colder water obtains access to the tides 
and eroum plates of a furnace: — the arrows representing 
the atoms of water, and the dotted lines those of the rising 
steam. 

An important question is here raised, — do the atoms of 
water approach the plate in the direction of the arrows as 
in Fig. 88 or Fig. 89 ? Everything goes- to show that it 
must be as in the latter. We here then find that the eroum 
or horizontal plates can be supplied from the vertieal water 
spaces alone; and hence the importance of making those 
channels so large, and conveniently arranged, that the 
water may reach them in full current and quantity. This 
also account! for the fact that the crown plates are the 
most liable to injury from being over-heated. The side 
plates next the fuel on the bars, becoming over-heated and 
burnt, we shall see, is referable to a diflferent cause. 

The crown plates of a furnace are then the most liable 
to injury from the double cause of being exposed to the 
greatest heat, by direct impact of the flame, and from the 
water having greater difficulty of access to them, as shown 
in Fig. 88.* This causes theoi frequently to bulge under 

* This hu been well ninsimted hj Mr. Fairbani in a paper read to the 
British Association at Hnll, detailing some Tery interesting results of 

■ 2 
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the pressure of steam, as in Fig. 90. This bulgixig on one 
ocoaston occurred in the first yoyage the vessel had made-; 
seTertheless, no inconvenience resulted from ifc ;*~the inm 
having been of good quality, the boiler remained in a Bfaabe 
of perfect efficiency for many years ; and when ultimatdj 
bioken up, the bulged part was as sound and thick aa it 
ever had been. 

Fig. 91. 




nwMrcTifii inade for the parpoBes of determming the strength of loeomotivr 
boilen. In the boiler which exploded at Long-side, '* Cknuiderable stnoi," 
he obeenret, '* had been laid upon the weakaeee of the stay whieh aaited 
the flat surfoce of the boiler to the sides of the fixe box. The experimsnto 
made, howerer, clearly indicated that the fire box stays were not the weakest 
IMurts, and that there was tnore to fear from the top of the furnace, vhi^ 
Wider tevere preuure, tmu eUmott irwariably the first to ghe ipajr.*' TIus 
is the first time any doubt has been thrown on thcoompajcative almgth «f 
this pari of the fiunaoe. . 
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On this it maj be obBenred, that if there be any obetruc- 
tion or aluggisbnees in the water reaching the crown plates 
(on its rising from the yertical water-ways), the yiolence of 
the upward current of steam will carry it in the direction 
o£ the arrows in Fig, 91 ; — ^thus leaving the centre of the 
arown plate in cot^a<ri wiih Heam rather Man foat^y and by 
which it necessarily becomes over^heated. 



Pig. 92. 
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Iiooking to the direction of the water on passing firom 
the vertical side spaces to the crown plates, the shape, as in 
i*ig. 92, would appear most favourable for aiding the access 
o£ihe watef**(the arrows show the direction of the water, 
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and the dotted lines that of the ateam). The cylindrical 
shape, perhaps, offers the most advantages as regards direc- 
tion of the vater, and the resisting power of the plate. 

The inferences to be drawn from these facta are, — Firti^ 
that every possible facility should be provided for enabling 
the steam to reach the surface of the water without loss of 
time or temperature. Secondly^ that ample space should 
be given, at the ends or stdes, or hoth^ for the large return* 
ing body of water, which had been forced upwards by the 
violence of the ascending columns of steam. Thirdly, that . 
similar and adequate means should be provided to enable 
the water to spread along the bottom, in its course to supply 
the numerous vertical spaces between the furnaces. 

We will now consider the internal arrangements of 
marine boilers, with reference to the circulation of the 
water. Previously to the introduction of steam power into 
sea-going vessels, boilers were simple in their construc- 
tion, — the water forming one undivided mass within which 
its intestinal currents had free scope to act, taking whatever 
course was most favourable and iu accordance with their 
temperatures. The waggon boiler of Watt, and the dome- 
shaped colliery boiler, may be considered as types of this 
clasfi. In such, the question of circulation had no practical 
application. The employment of the steam engine for 
marine purposes, first rendered it necessary to make a 
change in the internal arrangements of the boiler, as well 
for economising space, as for providmg adequate heating 
surface. This produced the system of internal flues, of 
considerable length, or lineal run, corresponding with the 
great length of brick flues, under and round land boilers. 
Instead of one undivided mass, the water was necessarily 
thrown into numerous deep narrow avenues, and thin 
films, with conflicting internal courses, and multiplied 
obstructions. 

Here, then, was a now system, involving great practical 
changes, not only in the direction of the heated products 
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from the furnace, but of the currents of both steam and 
-water. These changes, however^ appear to have excited no 
attention. It vaa said (and in the same loose manner) 
that the water would find its way to the heated flue plates, 
just as it was said that the air would find its way to the 
fuel, and the steam to the surface, trithout eomidermg what 
those wayB iioere^ or ought to be^ and whether they were 
vrovided. 

The extent to which the heat will be taken from the 
plate is next to be considered. Mr. Sewell,* among many 
useful remarks, has some which suggest important points of 
inquiry in connection with marine boilers. " No matter," 
he observes, '*. how ably the furnace performs its duty, if 
the heat given off from the fuel cannot he taken up at rapidly 
a$ it is'produeedy then of course economy ceases." This, 
no doubt^ is true ; but he has left unnoticed the more im- 
portant point, namely, — by what ie the heat to he taken up T 

Again, — *' Where the power of eomoeetion is much greater 
than the power of abeorption^ then the heat evolved during 
combustion, is carried ofif without effect." This is also 
true; but we are still left in doubt, — by what is the heat to 
be absorbed^ 

Now, this absorption cannot be in the plate. In a well- 
constructed boiler, where adequate means of circulation of 
the water are provided, there can be no abiorption in the 
platOy which is, or ought to be, the mere conveyer or trane- 
mitter. The very term absorption implies, not merely 
reeeivingy but retaining the heat, and which certainly is not 
the function of the plate. 

This distinction involves considerations of the last 
importance. By confounding the heat transmitter — the 
plate—^yNith the heat absorber — the toater, — we fall practically 
into innumerable errors ; not the least important of which 
are the overlooking the question of the currents and circu- 

* Elementary TrecUite on Steam and Locomotives, by Jobn Sewell, L.K. 
Vol. I. John Weale. 
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lation of tke water;- aad the iheing fldtkfied iritb metely 
providing a large ag^wgate ef turfaeef lienea oonclndiBg; 
that we had. also provided a €ommenBUiale..«^<oiMi^-wHMl 
mfoperaim power. Enorar of this kind lead- to »vneglect of 
the oxpresB funotioa of the plate itself, wbick is. mcffelj-^ 
trtmendi what is given to it on the aneeide^ to that which 
will reoeire it en the other. 

In addition to the power of convection^ or carrying the 
heat through the* flue8,-*-which belongs to the gaseous 
pvodnots of conoibtutioni — ^and the power of tratundtimg the 
heatr-^wliieh'belangs to the plate^-^here is the Mrdpower^ 
namely) i^at of mkearbing and rdaimngthe heat, and eokiek 
hehmge exclutieely to the' recipient^ wkieh e^biM he water. 
Now 8 right understanding of these separate f nnctions and 
duties is abaeluteiy necessary before we csk detawntne-the 
relation which »the sise or sur&ce area of any one part o£ a 
boiler should bear to the rest. . It is &om neglect of these 
distinct. functionSy and the 'Confounding the one with the 
otiieri that we so often err in giving an. unwise rapidity to 
the convecting .character of the gaseous products, and an 
injurious curtailaKnt of. the convecting range or run. 

On this abeorbing faculty, and still without defining to 
what it belongs, Mr. 3ewell observes*—'* Much of the com- 
parative economy of boilers depends on their absorbing 
power." ' Hero we are left under the impression that this 
absorbing faculty is a function of some part of the heiler^ 
which certainly is not the fact. 

Now, it is more important that we investigate the 
abeorhent power of the recipient, than that of the plate. All 
that the plate requires is, that its tranemOHng power — ^its 
proper function, he hroaght into action. On tiiis head, 
M. Fedeti oorreotly observes, that, *' under ordinary eireum« 
stances,' the quantity of heat which a metal plate has the 
power of transmitting, is > &r greater than what it is really 
called on to transmit ! "* 
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Nous ftYons Tn que dans les circonstanoes ordiaairei, la qnantitc de 
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To expect, Hkestt tbab the plate wiU ezerriae a greater 
pofvrec of iranmtuiting heat to some other bodj, than that 
body poaaeeees for reeeimngand abHorhing it^ would be a 
phjaioal abaurditj. Aa well might we expect that a. larger 
quantity of water would pafia through a porous body than 
oonld be contained in the. apace in which it would be 
received ; or that the efeeamfrom the engine cylinder could 
be discharged into the condenaer, in the absence of a 
sufficiency of water, orcapaoe^ there to absorb or recelTc it. 

Mr. Oraddock, in the course of his published Lectures, 
faaa introduced a new:feature in the question of the trans- 
mission of heat, by drawing a distinction, as to temperature, 
between the two aurfaoes of the plate. " It must be borne in 
mind," he observes, '^ that it is the exierior surface, along or 
over which the gaaes pass, and on the difference of tempera- 
ture between eueh eurfaee and ike heated gaeee paseing over 
sty will depend the rapidity with which the latter will impart 
their heat to the former." This assuredly is not the case. 

It may be asked. Why draw a diatinction between the 
temperature of the eoeierior and interiar surfaces of the plate 
(aa if there could be any important difference), while no 
notice is taken of that cm which the temperature of boih its 
eurfaeee really depends — ^namely, the eharacUr of the re- 
eipiente of the heat ? 

In this dictum we have proof of the prevailing error of 
aasuming that the recipient of the heat will always he water, 
—that it will always be present, — and always in eon/act with 
the plate. This, however, is pre-supposing the very thing at 
issue — the very fact which experience denies. If indeed 
aueh were really the case, it would be a matter of perfect 
indifference what might be the degree of heat to which the 
plate, or its external surface, might be exposed ; inasmuch 
as all the heat that possibly could be presented to it, would 

ehalenr qoe pent trammettn le m^tal, est beaneonp pliu gmnde que oeUa 
qa*il a r^ellement & tnuiamettre." — Traiti de la Chaleur, 

H 8 
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pass to the water as rapidly as it could be received, and no 
possible injury could take place. The temperaiure of ihe^ 
pkUe^ in truths only heeomes an object of attentum when 
there ie a toant of adequate eireulaiion of the waier^ and 
consequently, a deficiency or delay in its obtaioing contact 
with the heated plate surface. In such case, tteam must 
necessarily be compelled to act the part of the recipient, by 
occupying the place where the water should haye been, but 
whose function it is so ill qualified to discharge. 

It is here manifest that as the heat absorbing power of 
steam ia so inferior to that of too^^r, a much less quantity 
will be taken up, in given times, by the former than by the 
latter. Again, since no more heat can be tranemiited 
through the plate^ from the one side than eon he taken fiwn 
it by the recipient on the other — the transmitting ^wet of 
any given surface must be absolutely dependent on the 
absorbing power of that recipient, whether it be oil, water, 
steam, or air. 

Water, we have seen, will absorb more heat than steam. 
The quantity taken up, therefore, will be regulated, not by 
the '* difference of temperature between the plate surface 
and the heated gases passing over it or along it," — but by 
the eapaeity of the receiving body^ whatever it may be^ for 
absorbing it. If, however, from any circumstance, the water 
be prevented or delayed in gaining access to the plate^ the 
steam will in a like degree be obstructed in leaving it ; the 
presence of the former being the very means by which the 
latter will be effected.* 

Thus the heat which, in such case, cannot be taken from 
the plate, must remain in the plate — ^its function being then 
changed from that of a transmitter, to that of an absorber ; 
the whole process of evaporation being then deranged, as 

* The celerity with which heat is communIcat<}d from hotter bodies to 
colder ones, when all other things are equal, is proportional to the extent of 
coTitaet and ehscnest of comraunication between the bodjes. ^-Thompson 
on Heat and EUfiricUy. 
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will be seen wlien we come to the consideration of the 
eaoses which affect its durability^ 

^gain, the mechanical stmcture of the two bodies (water 
and steam) has much to do with the quantity of heat 
absorbed. Water is composed of an infinity of atoms so 
minute as to be utterly inappreciable. Now, this very cir- 
cumstance multiplies to an extraordinary extent, its points 
of contact with the heat transmitting surface. Steam, on 
the other hand, is a series of inflated globules, each of which 
is 1800 times larger than the atom of water from which it 
proceeded ; necessarily producing greater difficulty of access 
to the plate, and fewer points of contact with its surface. 

This yery fact, then, supplies a scale by which we are 
enabled to appreciate the superior fiacilities of contact which 
water possesses over steam — if due circulation be obtained ; 
and the greater rapidity with which the former is enabled 
to take up heat, and its enlarged capacity for retaining it. 

We have next to consider the relation which circulation 
has to the durability of the plate itself. 



CHAPTER Xn. 

OF THE CIBOULATIOK OF THE WATEB IN ESLATIOK TO 
THE nUJElABILITY OF THB PLATES. 

Haying considered the circulation of the water as regards 
eyaporation; distinguishing the separate functions of the 
heat tranemitteTf and the heat recipient, we have now to 
examine its bearing on the durability of the plates. 

In the first marine boilers, the flues were made deep with 
narrow water spaces, usually about four inches wide. The 
object, then, was to combiue the two essentials — adequate 
length of run in the flue, with sufEcient heating surface. 
Among the disadvantages of this arrangement of the flues 
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was, the reonrrenee of injurT' to tbeMplateiran the regioa oi 
the furnaces by becoming a9&r^bt9Ud, Altiiougk thiarevil 
oCovier-lieatiDg oantinues to be experienced* tho direct cauae 
of it haa remained wilhoot due in^uirj. . Its recursttiee was 
uauallj attributed to negleet oa the part of the fireman, or 
thaw»Dtof aufficient.water in the boiler; hence .more im- 
poitaiice was attributed to the neoeaaitj of haying '' oacefol 
and experienced stokers," . than to the remedying the* de* 
fectiTe.constru0tion of the boiler itself. 

If the water indicated a level above iha\flues,,9Sl was 
considered right, and no thought mia given to • the possibility 
of itft being deficient heUm or. mrmmd ihtm. Yet experience 
has shown, that although everything indicated a pnoper 
height of water in theboikr, the plates, particukrly those 
conneeted with the'ftienaoss, were, nevertheleaa, sutbjoet to 
be oveivheated and injured. In auoh cases, if the iron was 
laminated, or otherwise of inferior quality, it became cracked, 
or burned into koles. This state of things was strikingly 
illustrated in the boilers of the ^^ Great Idverpool " steam- 
ship, on her first voyage to New York, in 1842. The en- 
gineer, observing the side plates of the furnaces constantly 
giving way — some bulging and others cracked and leaking, 
and even burnt into holes, although there was always a 
siffflciefU height of water in the boiler, suspected something 
had interfered to keep the water from the plates, and with 
the view of testing it, introduced an inch iron pipe from the 
front into the water space between two of the furnaces. 
This at once brought the source of the evil to notice; 
for although the glass water*gauge always indicated a 
sufficient height of water toithiny yet nothing issued throu^ 
the pipe but eteam, so long as the boiler was in fuU 
action. 

This fact unmistakably showed that the over-heating of 
the plates was unconnected with the duties of the fireman, 
and was the result of ineuffieient eirculatiany depriving the 
deep narrow flue-spaces of an adequate supply of water. 
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(Bheve :va8 ihen, maBifeftUj, no simedy for this continual] j 
reoBtring evil^ and a new -baUer became necessary. 

Hate then was Uie exaet case suggested by Mr. Murray^* 
vdiea lie says, ^ It is a point of the utmost importance that 
no : part of the- heating surface of a boiler should be so 
situated that ihe steam may nol^ readily rise from it and 
escape to the surface ; stnca the plate, if left in eoniaet with 
%Hmm JnMtead of watery'hecomes unduly heated and destroyed,** 

'Now, we OTcrlook the fact, that the only' remedy against 
tiiia source of injuiy is, providing adequate eireulatum of 
the. water, since the steam cannot *^rise from the plate 
surface** and must remain in contact with it, until tofl^er or 
other globules qf steam take its place and force it upwards; 
ecnuequently, if the approach of the water be slow, so must 
be the rise of the steam. There can be no vacuum; no 
interval between the approach of the one and the escape of 
the other% MOher water or stmsm must be at all times in 
oontact with the plate : the relative time, occupied by either 
in obtaining this contact, will therefore decide the question 
of the amount of evapcMration^ and the temperature of the 
plate. 

The important point then for inquiry is, Why was the 
plate thus lefb in contact with steam instead of water P 
There was here no apparent impediment to the steam rising 
to the surface. There was, however, as we shall see, extra- 
ordinary difficulty of access to the water to dislodge the 
steam; and, as Dr. Tire observes, it must remain, until 
** farced upwards by colder and header atoms of water.** 

.As the details of this boiler of the ^^ Liverpool** will afford 
opportunities for comment, on what is practically necessary 
for promoting circulation, they are here annexed. 

fig. 93, Plate 5, is a plan of the boiler, showing the 
ten- furnaces, and the narrow water-ways separating the 
series of narrow flues. 

* Treatise on the Marine EvffinCf by Robert Marray, CE. London, 
John Wcale. 
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Fig. M, Plate 6, is a aeetion from A to B, showing the water 
spaoets of 5 feet deep by 4 inches wide, and the direction in 
which the water approached the side and crown plates of the 
fnmaees. The bottom horizontal water-space is here seen, 
of but 5 inches deep^ and from which all the vertical epaeee 
were to be eupplied. This bottom space was also found to 
be much obstructed by sediment and other deposit. Here 
we see the direction the water had to take in its downward 
course was through one narrow four-inch space ; and then 
to be distributed over the bottom area of aboye 500 square 
feet in its way to the vertical spaces between the furnaces 
and flues. 

Eig. 95, Plate 6, is a section across the furnace end of the 
boiler, from G to D, showing the eleven narrow water 
spaces, and into one of which the trial-pipe was introduced, 
as already mentioned. 

Fig. 96, Plate 6, is a cross section of the after-part of the 
boiler, from E to F, showing the sixteen water spaces 
between the flues. 

It may here be observed, that the side plates of the ten 
furnaces, which, as being the hottest, required the largest 
supply of water, were, necessarily, the worst supplied, being 
the fartheet from the narrow downward current at the back 
end. It is here manifest that the furnace side-plates could 
not have been adequately supplied with water, to take the 
place of the great volume of steam generated from their 
surfaces, and, consequently, that the steam must have been 
retained in contact with them. It can no longer, then, be a 
matter of surprise that the sides of the furnaces became 
over-heated and injured. 

In this boiler, the ten furnaces being all at one end, the 
water taking the coolest place for its descent, would natu- 
rally flow along the surface from front to rear, as shown by 
the arrows. Fig. 94, Plate 6. (The construction of this 
boiler, as regards what takes place within the Jlues, will 
be further noticed in the Chapter on " Draught .**) 
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The first boilers of the ^* Oreat Britam " Steamer give 
another illnstnition of the difficulty the water had to en- 
counter in obtaining access to the vertical spaces, and the 
thirty-six crown surfaces of that number of flues as shown 
in Fig. 97. The lower or furnace range of the triple tiers 
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of flues was 5 feet deep, the second 4 feet, and the third 3 
feet ; the numerous vertical water-ways, though hut 4 inches 
wide^ had an aggregate of no less than 12 feet deep. No 
adequate or separate space, however, was provided for the 
downward current of the great quantity of water that must 
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momentarilf, haVB.bgen T o q a i ro dt»sappiy>ap«Miy gipgfiitiy 
carraDts? the oonseiiaeiice' was, that tbe^^attieiidiog -steam 
had to atraggleagsiiiBt the descendiog ouiveot of the water, 
while the latter, in its waj, was obatviicted in reaching the 
plafce-aorface. Thus, the rapid generatdon of steam, aad 
free access of the water to the plates, were both impeded 
in their respective functions. 

Another source of injury supposed to arise from the 
thickness of iheplaies, here merits attention. On this head 
Mr. Craddock, advocating the use of thin plates, but over- 
looking the question of circulation, and the character of the 
recipient of the heat, falls into the common error. ** We 
know," he observes, "that boiler-plates of 8 or i inch thick, 
are ofcen heated very considerably, on their exterior, above 
the temperature of the water in the boiler. This is known 
to take place to such an extent, practically, as rapidly to 
deteriorate such parts of the boiler." 

How this extraordinary alleged fact has been ascertained 
does not appear. Yet, a dictum, so opposed to all expe- 
rience, should have been supported by experiments or proof. 

Now, this supposed heating and deterioration of the 
plates, must either be a constant or an occasional effect. 
The former, we know it is not. The latter, therefore, must 
have been the result of some unusual and disturbing cause, 
but which he has not explained. It is this cause which has 
been overlooked, and which here demands special inquiry. 

No doubt, plates are often over-heated and deteriorated ; 
assuredly, however, it has not been otoing to thein thickness. 
Indeed, when over-heating does occur, thickness is a positive 
protection. It may then be taken for granted, that, as to 
the plate being injuriously heated, such is absolutely im- 
possible, if the water be in conflict with it. This, then, is 
the practical point involved in the question of circulation. 

Further, he observes : *' We have not good data front 
which to draw unexceptionable conclusions as to the abso- 
lute difference if ten^erature between the external surface 
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of thebofleivpktefly ort tubes ofdi&rent thickiieBfleSy with 
fta iniense fire acting x>n them and the toaier ikty mmimn.** 
CesMuAf we have no such d&kty since no eppreeiable- di£Eer- 
eiie» ean poseiUj exist between the tempezatoie of the 
plflite% and M^ water in eontaet with them. 

The trae. queation here ia^ whether the water woe or woe 
meiin^ eontaet wUh the plates f It is maaifestly the orer- 
lookingthiaall-tmportant point, or the assumiDg that the 
water faad^uieh contact, in fact, begging the whole question, 
that has led to the error of drawing a distinction between 
the temperatare of the two surfaces of the plate. Such a 
distinction, howeyer, would be directly at yariance with the 
lawB of conduction, as it assumes a degree of congestion of 
the heat on the one side, and of exhaustion on the other, 
althcmgh the distance the heat would haVe to travel would 
be. but half an inch. This possible injury to iron plates, 
continuing to be thus ass^ted, demands a further inquiry. 

Numerous authorities might here be quoted; it will, 
howeyer, be sufficient to say that had any such fact been 
proved, it could not have escaped the attention of Dr. 
Lardner.* On this head, he only confirms what the highest 
authorities haye stated, when he asserts that a yessel cannot 
be injured by heat, so long as it contains any liquid; that 
is, eo long as the liquid is in contact with it. 

That the tiunsmitting plate cannot be "unduly heated 

* " The absorption of heat,'' the Dr. obeervee, " in the prooees by which 
liqnidB are conTerted into steam, wiU explain why a vessel containing a 
liquid, though constantly exposed to the action of the fire, can never, whUe 
it contains any liquid, receive such a degree of heat as might destroy it. A 
tin kettle containing water may be exposed to the action of the moat fierce 
fwmaeef and yet the tin, which is a very fusible metal, will remain nn- 
iignred. The heat which the fire imparts to the kettle is immediately 
abaorbed by the bubbles (atoms) of water which are converted into 
steam, at the bottom, and rendered latent in them* So long as the 
water is contained in the kettle, thia absorption continnes ; and it is im- 
poonble that the temperature of the kettle can exceed the temperature 
of boiling water. 



162 



THE G0MBU8TI0V 07 GOAL 



or destroyed,'* where the recipient of the heat is Ufoter^ may 
be tested in many ways. Water may be boiled in an egg 
shell, or in a vessel, the bottom of which, though made of 
eardpaper^ will not be injured. That the temperaturo of 
an iron vessel of eyen half an inch in thickness, containing 
boiling water, cannot be much, if any, aboye that of the 
water, may be tested by applying the fingers to it, immedi- 
ately on being removed from even an "intense fire.*' In 
fact, the temperature will rather appear to inereate after tfo 
removal jrom the fire. The reason is obvious : — the heat 
being so rapidly taken up and absorbed by the water, Ue 
current through the plate must necessarily be equally rapid. 
On removal from the fiame, however, the exterior sufface, 
then receiving no further supply or increment of heat, is 
instantly reduced in temperature ;' the current through the 
plate then hecomee reversed, and passes Jrom the inside to the 
outside. The water side being absolutely the hottest, a new 
equilibrium is established, equal to that of the water at 

21 2^* 

Fig. 98. 




Jkm/uruOat, tfZf. 




* For the purpose of putting this to the sererest test, an iron veflsel with 
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The figures 98 and 99 represent vessels of half-inch iron, 
both filled with water, in the act of boiling over a powerful 
flame. In ^. 98, the course of the beat is shown by the 
arrows passing from the flame through the half-inch of iron 
to the water inside, for the formation of steam. In Fig. 99, 
the yessel is supposed to haye been suddenly removed from 
the flame ; the arrows show the then reversed direction of 
the current of heat from the water side, where it continues 
at 212% to the outside, where it would soon, otherwise, 
have been cooled by the lower temperature of the air. 

Fig. 99. 




As to the plate remaining at a safe and comparatively 
low temperature, there can be no doubt, seeing that oxida- 
tion or injury does not take place in iron, until it has 
reached that of redness, and which never can occur so long 
as water is in contact with it. When, therefore, the asser- 
tion is made, that plates have been heated so considerably 

a flat bottom and half-inch thick plate was placed over a famaoe, expresaly 
conitnicted, bo that it might be exposed to a yeiy great heat from a eoke 
fire, urged by a strong blast : the rapidity of the ebullition was extreme. It 
was so arranged, that It could be suddenly remored from the furnace, and 
the temperature of the bottom instantly asoertained by the touch of the 
iingen. This wsa done repeatedly, yet^ on all occasions, it scarcely ap- 
peared to have the temperature of boiling water. 
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above the .temperature of the water as to ben^ncdj deterio- 
rated, this oould only be made on the aaaumption that^wter 
was in oontact with the plate, but which was not the case, as 
in the boilers of the ^^Ghreat lAverpoolf* already mentioned.* 

A oondusive illustration of the iact, that the plates are 
in no way afiected by thickness or temperature, is aflforded 
by finding that, in breaking up old boilers, those paiiawhidi 
were exposed to the most intense heat and direct impact 
with the flame, have continued sound, and whdly nndete- 
riorated, when the water had free access to them. 

With the view of testing the superior heat-absorbing 
faculty of water, numerous experiments were made: the 
result is the following tabular view, which sufficiently 
approximates the relative effect of the several classes of 
recipients to which the plates of a boiler may be exposed. 
Supposing, then, that the heat-transmitting power be taken 
at 1000^, the portion that will be absorbed, in given times, 
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Thus, a given area of plate surbce, after it has received 
its own 9iatu8 of temperature, will transmit the entire 1000^ 
it had received, if the recipient he water. If, however, it be 
ftoaw, 600^ only will be taken from it, the remainder, 400**, 
necessarily remaining in the plate^ there to aecummlaie and 
increase in temperature, in proportion to the intensity of 
the flame. 

So, if the recipient be a?r, 400° only will be taken from 

* Dr. Ure giTOB a remairkaUe iUuiimtMm of the little efiaefc <Mxaed by 
the thiokneit of the plate, if the water be in oontaoi with it ; tftatinglluit 
he had esperimented witli platee of twal^tbneB the thioknefls of-^lUten 
without prodadng any injnnoiis effect. 
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the plate, leftTing SIMF to aoonmiilate. From this we learn 
how the ahsorhing faculty of the recipient regulates and 
controls the tiansmittiDg action and temperature of the 
plate, and the extent to which it will be exposed of being 
nnduly heated. The - want, then, of free and adequate 
means of ekraulation of the water, and an unobstrueted access 
to the plate, so that it maj, at all times, be the redpient^ 
may be taken, as the chief, if not the only cause of their 
deterioration Arou^h over^heatimff ; and wholly irrespective 
of thickness, or the degree of heat to which it may be 
exposed. The temperature and duiabiltty of the plate will 
therefore be in the inverse ratio ef the rapidiiff of the ewrretd 
of heat passing through ity while such transmitting current 
will be in the direct ratio of the abiorbing power of the 
reeiptent, whether it be water, steam, or air, or a mixtnre 
of either. 



CHAPTER XIII. 

OE THB DBAUGHT. 

The draught, or current of air passing through a furnace, 
is occasioned by the difference in weight between the 
column of air within the chimney, and that of an external 
column of the same proportions, — the *' ascent of the 
internal heated air," as Dr. TTre observes, '' depending on 
the diminution of its specific gravity, — the amount of 
unbalanced weight being the effective cause of the draught." 
Since, then, this levity of the inside air is the result of 
increased temperature,, the qnestioa here for consideration 
is, how that temperature may be obtained with the least 
expenditure of fuel P 

In marine boilers, nnmerous cases of deficiency of dranght 
will be found to arise from an injudicious arrangement of 
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the flues, and the oonflictmg currents of the heated products 
within them. 

Notwithstanding the importance of the suhject, still but 
little attention has been given to the causes of these 
currents and deficient draught. M. Pedet having examined 
the subject with great care and practical research, his 
details are so copious, and his remarks so much to the 
point, that it will be well to give them due attention, and 
the more so as the subject has not hitherto been examined 
hj aaj writer in England. 

Among the inconveniences experienced, a prominent one 
may here be mentioned, as being of frequent occurrence, 
namely, a deficient draught in the side or mnff finmaeeg of 
boilers. 

M. Fedet observes, ** Where several tubes or flues open 
into one common flue, the currents are continued bejond 
their orifices, and by their mutual action affect or modify 
their respective forces. If, for example, two flues, A and 
and B (see Fig. 100) enter the common flue C, by orifices 



Pig. 101. 




oppante each other^ the influence of their currents on each 
other will be m'/, if they have equal rapidity; because 
the whole will pass as if they had struck against a plane 
fixed between them. If, however, the currents be unequal, 
^ W whieh hoe the greateet rapidity toitt reduce the epeed of 
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tke other^ and more or less haye the effect of closing the 
orifice through which the hitter flowed." '* So many proofs 
of this,*' he adds, '' may be adduced, as to put the fact 
beyond doubt." " These streams of air," he coutinues, *'in 
this respect, act on each other as streams of water. It is 
already known by the experiments of Savari, that where 
two streams of water, of the same sectional area, act in 
opposite directions, and that one of them has even but a 
little more speed than the other, the latter is pushed back, 
and the influence felt up to its source. The result of this 
collision in the flue may be avoided by the Diaphragm D 
(Fig. 101)." Such conflicting currents may be found in 
almost all marine boilers, yet pass unnoticed, even where 
the draught is manifestly deficient in consequence. 



Fig. 102. 



Rg. 103. 





Again, ** Phenomena of the same kind will be produced 
where the courses of two flues are at riffht angles to each 
oiker^ as in Fig. 102. These effects may also be avoided by 
the Diaphragm D (Fig. 103)." This aldo is of frequent 
occurrence, and seriously affects the general draught, as will 
hereafter be shown. 
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Again, "Where the ^tmnej or flue is common to sovoal 
fDniaces,:the arrangement ehould be such that the BtreoDH, 
or currenta, of hestad gaa, Bhould sot interrere with eodi 
other. Fig. 101 repreBeota the arrangement that shoald 
be adopted in such caaes." It is needless to oba«r<re how 
frequent this etste of things oconra, and how httie Atteatioa 
is giren t« it. 

Kg. 10*. 
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" So, where a current of hot products issues horiEODtalljr 

into a chimne/, it may happen that its draught would be 

Kg. las. 



entiretj/ dettroj/ed, if the rapidity of such current was eon* 
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liderable, oa it would then bare the effect of shutting the 
chiniaey like a damper." He then describes what occurred 
at a soda manufactory, witii a chimney for general draught, 
which he hod to construct, and which was also connected 
with a flue from another apparatus, as shown in !Fig. 106. 
In this case, *' the current from the one flue completely 
neutralised that of the other." This he remedied by the 
partition P. 

Again, where three flues enter a funnel from three dif- 
^/tfrmfpoin'*, it is evident, he observes, that "the diaphragms 
should be so placed aa to leave each current an adequate 
section of the chimney," as in Fig. 106. The circumstance 
here referred to may be found to exist in almost all marine 
boilers. Barely, however, is the interposition of these 
diapliragms thought of, yet numerous instances of the 
derangement of the draught, particulsriy of the wiug 
boilers, must be withii^ the knowledge of all engineers. 

Pig. lOS. 



Let ns now apply these judicious practical observations. 
The first boilers of the " Oreat Britain" screw steamer, are 
in point. The arrangements of these boilers have already 
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circuhHon ofthp w4er. .W^ biTe nqw: to oonoiidtB tikem in 
respect. to tbw.tfiflwiice m^ ihti itmugU. 

Fig. 107. 




In these boilers, attention was giren, almost ezclusivelj, 
to two objects : — ^providing the largest possible amount of 
fire-grate areas, and the largest aggregate of internal heating 
sufface. As to the former, almost the entire area of these 
large boilers maj be compared. to an aggregate of furnaoes.* 
NeTertheieM, there w^is 90 ./comomiid of steam, and the: 
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eogixieer .stated, tliat the nviog boll^is. were unequal in 
faiugktto the centre ones. Theideficienoyof draught in 
the funiaees of the side boilers will easily. be aeoeiuited for 
on examining the plan of thei upper tier of flues, and the 
BomeDQUS coUisions where thcf heated..produot8 from twenty* 
four large fiimaoes .eateied the fimnels, aa shown in Fig. 
107. 

. dThe: flues .from the leur iumaeea of eadi wing boiler, are 
here made to enter .one common crosa flue — each thwarting 
the current of the preceding one* No* 1 being checked by 
No. 2 — which crosses it at right angles — which, in its turn, 
was checked by No. 3, and so on — the same mal-arrange- 
ment taking place in each of the sixteen flues of the four 
wing boilers. These, it will be seen, are the direct cases 
adduced by M. Feclet, where the products and current 
irom one fliie act as a damper on the draught of iU preceding 
one. 

Again, the joint products of the four flues of each wing 
boiler are made to enter the funnel by a single opening, 
which is not only at right angles with the flues from the 
four centre boilers, but directly opposite to those of the wing 
hoilers on the other side. Thus the flues of no less than 
eight furnaces, all entering by a single opening, are brought 
into direct collision with those of the other four, and in the 
most certain way to aflect the draught of all. Here we 
have a combination of the evils referred to by M. Peclet. 

The case of the boilers of the '* Great Liverpool^' is a 
still greater violation of the rules which should regulate the 
draught. Here, there being but a single tier of flues, the 
required aggregate of heating internal surface was obtained 
by the labyrinth of windings shown in Yig. 108, Plate 7. 

In the first place, the flames from the three centre fur- 
naces of each half of the boiler are forced into a single flue 
of but 13 i inches wide^ as shown by the arrows. Again^ 
the gaseous produets of each set of three centre furnaces, 

and which are necessarily the more powerful, are made to 

I 2 
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enter the single back flue at right angles, and across the 
current of products from the two wirg furnaces, as shown 
by the enlarged view in Fig. 109. It is scarcely possible to 
conceive a more direct case of collision, or a more effectual 
damper by the hotter and larger current from three fur- 
naces, on the smaller current from the two wing furnaces. 
In these boilers, it is manifest that nine-tenths of the steam 
was produced by the plates in connection with the furnaces 
atoncp and by a system of continued forcing ; the long run 
of flues being filled with dense black smoke. 

Fig. 109. 



k 



From 8 furnaceflL M^^^^ ^ 

1 



From 2 wing fomaees. 



A considerable improvement was eflected by constructing 
furnaces in pairs, as in Fig. 110. This had the important 
advantage of rendering any interference with the supply 
of air unnecessary, by giving uniformity to the quan- 
tity of gas passing from the bridge to the flue ; since, by 
firing the two furnaces alternately^ the supply of gas is 
equalised on entering the flue from the bridges. 

Tliis plan, it will be seen, had the disadvantage of the split 

Jlue at the back end, where, as M. Feclet observes, the hotter 

or stronger current will always neutralise the other* In 

practice, a strong or hot current of gaseous products will 
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not, TolantarUf, divide itself, to meet the arranfcemeDtB of 
the flues: the whole, or nearly so, will pass eilher to ths 
one or the other, in proportion to the temperature then in 
the flue, or to the length of the coane each has to run to 
the funnel. 




The plan shown at Fig. Ill exhibited a great improve- 
ment in the foFiner, and haa for loanj years been found 
the most effident in practice. 
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The plan, as lu lig 112,' ivas adopted vith the view 
of diTiding the gaseous produeti, and thos Bpreading the 
heat al<»ig a double Biirfao& Tbii, howerei) wis qnibe 
defeobre, m as much ua gaseous stceam cannot be iuduoed 
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to divide itself contrary to the laws governing the currents 
of fluids ; the hottest and Bhortest course being aliyays 
taken by the gaseous products. 

The plan of a laud boiler, as in Fig. 113, is that of a 
still more objectionable efibrt to divide the current into 
two smaller flues, ^ith the view of increaaing the internal 
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AurfMie. Heie, iTbe'flao)^ after pfMMag nnder the <^lxDdrical 
boiler^ afnd reitmrisg througk w cetttml ftde, ni #)Lp«ot«d to 
diiride itself iftto two Btreams; one to pass on eadi side of 
the' boiler, on tbeir way to the ehitnney. Tim ia the ease 
referred to hy M. Pedet. A eommisaion, be obserreaj from 
the SoeiM InduHrieUe of the Grand Duchy of Hesse, made 
a fieries of experiments to determine the influence of the 
circulation of the products of combustion round boilers. 
By these it was proved, that the flue passing round the 
boiler had a considerable eflect on the amount of evapo- 
ration. It was also established, that if the' prodticts pass 
simultaneously by the two side flues, they will not dUtribute 
themselves equally, end teill only pass by thai which presents 
the least resistance* 

On the eatemal circumstances that influence the draught, 
M. Feclet adduces many proofs of the importance of avoiding 
any interference with the introduction of the air, by reason 
of the direction of the wind outside the hmlding. This is a 
circumstance which has excited no attention from our 
engineers. In marine boilers, placed low down in the 
vessel, the direction of the wind, with reference to that of 
the current entering the fbmaee, has often a conliderable 
effect on the efficiency of the combustion. So, if the wind 
is opposed to the motion of the vessel or the reverse. The 
importance of this consideration is exemplified where the 
vessel contains two boilers, having their furnaces facing 
diflbrent ways. In such case, according to the direction of 
the wind, or the motion of the vessel, one boiler will have a 
better draught than the other. 

* *< The hot air, after havrng passed through the lower part of the 
boiler, retams to the front by a centre flue, and passes to the chimney 
slmnltaneoasly by two side fines. Ey this arrangement^ the heating 
snrfiBtoes are more aTailablci but it is difficult to divide equally the hot 
Air into the two side Hoes. Almost always the current is greater in 
ona than- in the iitb«r, and the hot air will pass hu through tme of them. 
In that casa it will be oeoessary to have registers at the end of eaeh.*' 
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That the relative direction of the wind, and the vessel, 
exerciees a considerable influence, is proved bj the fact^ 
that the furnaces in some vessels will have a sufficient 
draught, and generate a sufficiency of steam, when going 
head to xoindj but be deficient in draught when going before 
the wind. These circumstances merit more attention than 
is given to them. We hear of the relative merits of two 
steamers, on a trial of speed, being determined by a slight 
advance of the one compared with the other ; — the supe- 
riority of the former being perhaps attributed to the form 
of the vessel ; the true cause, however, often depending on 
the hetier command of draughty and, necessarily, a better 
command of steam, by which the one was enabled to make a 
revolution of the wheels, or screw, more than its rival. In 
a late discussion at the Society of Arts, on the subject of 
the prevention of smoke, Mr. D. E. Clark " testified to the 
advantage of a rapid, or rather, intense draught, in per« 
fecting combustion and extinguishing smoke." '* This,'* he 
observed, " was the panacea he constantly held forth for the 
universal prevention of smoke in large furnaces." Mr. 
Clark's views are, unquestionably, well founded; but the 
practical difficulty lies in the obtaining this "intense 
draught," or an adequacy of draught for even imperfect 
combustion, in many marine boilers. 

The absolute command of draught iov the generation of 
the required quantity of steam, to enable the engines to 
work to their full power being then so essential, it becomes 
a question whether other means than the natural draught 
should not be resorted to ; since, independently of the uncer- 
tainty in the amount of draught, and the consequent irre- 
gularity in the working effect of the engines, the cost of 
sustaining that draught may be so much in excess of what 
an artificial draught would be. 

This branch of the subject has excited little attention in 
this country. M. Peclet has investigated it with his usual 
care, and his results are worthy of record. " Where the 
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dnagfat,*' he observes, ''is created by the expenditure of 
fael and heat, the expente exceeds one-fiurth of the com" 
huatible used. If we have not the means of otherwise 
employing that heat, the natural draught, by the chimney, 
is then admissible. If, however, that heat may be made 
available for the purposes of evaporation, and if a drauglit, 
mechanicedly obtained, would cost leas, it would then be 
more advantageous to use it." 

Among other proofs, he gives two instances which 
establish the fact. One, the hot baths on the Seine at Paris, 
the result of which was, that what was effected by the 
labour of one man alone, when the draught was mechanically 
produced, cost the value of seventeen men's labour when pro* 
duced by the natural draught from the heat of the furnace. 

The second case was that of a large brewery, where the 
power employed was that of 200 horses. In this instance, 
a ventilator which employed the poioer of but six horses^ 
ioas sujpcient to produce a draught equal to that of 50 
horseSf obtained by means of the natural draught of the 
ehimneg.^ 

He then proceeds to consider the relative merits of the 
several descriptions of ventilators ; and comes to the con- 
clusion, that the rotary fan with plain wings, but with the 
eccentric motion is to be preferred. The mode recommended 

* Mr. Prideaaz, in bis rndimentarj traatifle^ obserres, " HovoTer com- 
paiible with the objects sought to be attained may be the plan of keeping 
up the draught through a fire, by the instmnientali^ of a chimney, where 
•2ow oombnation only is required, as in the case of a domestic grate, or the 
Cornish boiler : whenerer, on the contrary, rapid oombnstion and intense 
beat are a desideratum, snob a system oan only be carried out by an 
enormous waste of fucL I shall, no donbt» excite general surprise, and 
perhaps some incredulity, when I state that, firom a calculation I entered 
into on the sabject, I find that 1 lb. of coal, expended through the mecha- 
nical agenqy of a steam engine, will generate more force, and, conse- 
quently, is capable of producing a stronger current of air, than 600 lbs. of 
coal expended in heating a eolnmn of air, to act by its diminished speeifie 
gravity through a ehimn^ 85 fbet high.*' 

I S 
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for its application is given in Fig. 114, where, bj neanaiof 
an exhausting /any the heated prodaets were directed^ into 
the ordinary chinmej shaft. 



Pig. 1)4. 




This opens a new field of inquiry, and which is far more 
important than any question arising from the mere relative 
cost of the natural or meehatdeal draught, the best con* 
structed boilers not unfreqnently being insufficient, from 
the mere circumstance of a deficient draught. 

Impressed with the importance of the subject, several 

experiments by means of a fan apparatus, worked by a small 

steam engine, ware . then made. The arrangement, as 

lettcribed in Fig. 115, Plate 8, also affiDcded.tho meana 
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of deciding- -many importatoi points connected witb the 
length of run, — the working temperature in the fine, and 
that of the escaping products at the chimney. In this Fig. 
A represents the boiler, 15 feet long, with an upper re- 
turning flue, having its own chimney A' furnished with a 
thermometer C, and a damper D, Houldsworth*6 pyrometer 
P, being connected with the return flue farthest from the 
furnace. Two sight apertures were introduced, — the one 
at S, opposite the furnace, to observe the action of the air, 
introduced through the door and air-box above it, as already 
described ; the other 8' looking into the upper flue. 

To test the practicability of converting the great heat 
which escaped by the chimney, an auxiliary boiler B was 
attached, by means of a continuation flue E, and furnished 
with a separate chimney B, with an exhausting ftm F, to 
produce an increased draught. This auxiliary boiler had 
two thermometers, to ascertain the temperature of the 
escaping products, C and G\ and a damper D', so that the 
two boilers might be used separately or conjointly. 

Experiments with the auxiliary 'boiler and exhausting fan 
draught : — 



ExpcrimouU. 



1 With fan draught. 



Coal uaed 
per hour. 



265 lbs. 



2 "Jith ordinanr I \ 215 lbs. 
chimney dnrasbt ) I 



per nour. ^,^^ 



2454 lbs.' 9-26 lbs. 



1552 lbs. 7-21 lbs. 



Pyrome- 
tor h«at 
iuflue. 


Tomfieni- 
turoof 
heat es- 
caping. 


1025" 
725' 


660' 



The •effect produced by the fan draught was thus not only ' 
to increase the evaporative power of the boiler, within the \ 
hour, from 1S32 to 2454 lbs. of water, but to increase the ' 
evaporartive effect from eaeh pound of coal uoed^ from 7*21 
to 9 26 lbs. witinn the hour. 

Kumerous other experiments were made with and with- 
out the fan, and with and without the auxiliary boiler : all 
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oonfirmatory of the value of the artificial draught, and of the 
increased lineal run of flue. 

It may here be obaerved, that experiments on heating and 
evaporating must be utterly useless, unless due attention be 
given by the experimenter to what has hitherto been so 
neglected, namely, the qttantUy of heat escaping by the 
chimney ; the extent of the transmitting power of the 
boiler; and the ascertaining whether the process of com- 
bustion had been complete. The above described apparatus 
supplies the means of ascertaining, and with great accuracy,-— 
1st, the evaporative value of different descriptions of coal or 
coke ; 2nd, the effect of greater or less lineal run ; 3rd, the 
temperature in the working flue, indicative of the amount of 
heat produced throughout each charge of fuel; 4th, the 
length, character, and colour of the flame ; 5th, the quantity 
of air required by each kind of coal or coke, and the most 
effective way of introducing it ; 6th, the weight of water 
evaporated in any given time, and by each pound weight of 
fuel* 

In proof of the utter uselessness of experiments, unless 
accompanied by such data, may be mentioned the elaborate 
paper presented to the Society of Arts for Scotland. In the 
details of the several experiments, the distinctions here 
drawn were wholly overlooked. The result was, the learned 
experimenter was led to results and inferences altogether 
erroneous. 

His paper was '' On the evaporative powers of different 
kinds of Goal;" but, neglecting to take account of the 
quantities of heat or heating matter carried away or lost, 
and the quantity of gas escaping unconsumed, or converted 

* I haye given the above details, as they indicate what are the enentiala 
in all boilen oonetnicted for experimental pnrpoees* So aeeorate were the 
TosnltB when tested by the eye, the pyrometer, and the thermometer, thai 
it has for many years been the enstom of ooal owners to ascertain by this 
boiler the effective Talne of each description of coal ; themselres, or their 
agents^ snptrinteading the operation. 
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into Binoke, he came to the conclasion that, " the evaporative 
power of each kind of fuel is in the exact ratio of the fixed 
carbon contained in eachP It is needless to say, that such 
an inference is entirely disproved by modern practice. 

A few words here may be said on the subject of quich 
and slow combustion, as being connected with tliat of draught. 
The impression that a process' of slow combutition is more 
economic than a quick process, has arisen from the fact, that 
a given weight of coal will convert a greater weight of water 
into steam under the former than the latter. Were the 
sole object the obtaining the largest measure of heat from a 
given weight of fuel, as, for instance, in heating an apart- 
ment by means of Dr. Arnott*8 stove — in such case slow 
combustion would be attended with the greatest economy. 
In the use of coal, however, for the supply of steam to an 
engine, the question is of an essentially different character. 
It would thus be, not how many pounds weight of water 
may ba evaporated by each pound of fuel, but how many 
pounds of water can be converted into steam by the smallest 
quantity of fuel within an hour^ or any given time. Time is, 
in fact, the test of efficiency. The following experiments 
will illustrate the merits of the two systems. 

Coals burnt Water evaporated Water evaporated 
per botir. per hour. per lb. of ooal. 

Ibe. lbs. Ibe. 

Slow Combustion 84 787 9*37 

Quick Comboatioii 224 1362 6*08 

Kow, if no more steam was required for the engine than 
would be produced from 787 lbs. of water within the hour, 
alow combustion would be the most economic. Jf^ however, 
the engine required the steam of 1362 lbs. of water per 
hour to work to its full and required power, then quick 
combustion would be the most desirable, as being the most 
efficient. 

Suppose, for instance, a steam ship required that the 
wheels should make 20 revolutions per minute, and that, to 
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produce sueb) the engines required the steam of 1862 lbs. of 
water per hour^ what compensation for the consequent loss' 
of speed would it be, that although the wheel made but 12 
revolutions per minute, yet economy of fuel was secured, in 
as much as each pound of coal did more duty, in the ratio of 
9-37 to 608. 

Thus, it is evident, that economy and effieieney may be 
antagonistic, — economy of fuel being waste of time, and 
waste of time being waste of power. In practice, then, and 
with marine or locomotive boilers, it may be taken aa 
established, that rapid combustion is more economic of Urtie;^ 
and zlovo combustion otfuel. 



CHAPTER XIV. 

OF THE TTTBULAB STSTEH AS APPtTISD TO MABTinS, CAITB, 
AND LOCOMOTIYfl BOILBBS, ITX - BBFBREITOB TO THB 
CIRCULATION OF THB WAT£B AND THB PBOGESS OI* 
COMBUSTION. 

Hayinq considered these subjects in reference to flue 
boilers, we have now to examine them in connection with 
the tubular system. The annexed views of a locomotive 
and a tubular boiler will enable us to appreciate their 
respective peculiarities. 

In the locomotive, Eig. 116, the furnace compartment 
(called the fire-box) is placed at one end of a long boiler, 
and so apart from the tubular compartment, that, as 
regards the objects of circulation and evaporation, they may 
be considered in the light of separate boilers. 

In the marine boilers, as in Fig. 117, on the coin* 
trary, the tubes, placed directly over the furnaces, beeome 
enveloped in the atmosphere of steam generated, and. 
rising from the latter. This is virtually the placing- one iiofier 
over another :-^a tubalar <»ver a Bue boiler, and within the 
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^meiilieHi B7 thisamngetnent, tbe steam geBerated from 
the farnAce dapartnont^and' which is neoeaearily the-largert 



in quantity) canoot reach the surface without pueing throngh 
tbe Dumeroua close seta of tubes, and the ateatn and water 
which Borrouad them. 
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80 slso of the water; it can neither ascend or descend 
without first working its way through the intricate maxes 
presented by the tubes: — no more certain method, ttierefore^ 
could have been devised for producing a miscbierous inter- 
ference with the respective functions, both of the water and 




the steam. Here, then, is another violation of the principle, 
that " so part of the heating surface obonld be so situated 
that the steam may not rradily rise from it, and escape to 
the surface of the water." 
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Duly to appreciate these obstractions, let the inquirer 
only ask, what direction it was intended the steam should 
take on rising from the sides and crown plate of the furnace; 
or the water in its ascending and descending currents P On 
such an inquiry, it will probably be found that the projector 
had never considered the circulation or currents of either 
steam or water, or even thought such an inquiry necessary. 

So little, indeed, has the ** free escape of the steam to the 
surface/* or the currents in the water, been thought of, that 
we nqt unfrequently find the congeries of tubes arranged, 
not in vertical lines; but so alternated that each directly 
intercepts the currents both of the steam and water rising 

Fig. 118. 




from that below it, as shown in Fig. 118 ; as if it had been 
expressly intended to obstruct circulation rather thau promote 
it, and keep the tubes continually enveloped in steam rather 
than toater; — both having to run the gauntlet through a 
zig-zag course of narrow and intricate passages. 
Dr. Ure observes, that ''as the diffusion of heat through a 
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fluid mftwifl 8O0orapH6hedi>y<ihe'MMiR)f AifTVMftfyfwtetenrer 
obatructfl these correntB niiist obstniet the ' changes ' of 
tempemtiire." Yet it would be difficult to contriyo a mora 
effi*ctual mode t>f obstraeting the iatestiDe currentB of botii 
steam and water; 

In proceeding to consider the marine tubular boOer, it 
will be well to take one of modem conBtruction, and eramiiie 
how far its arrangements are in accordance with the opera- 
tions of nature, and particularly as to the following points, 
viz.: — 

Ist. The proportions of the furnace, 

2nd. The distance the flame and heat have to trarel. 

3rd. The time available for giving out heat. 

4th. The admission of the air. 

5th. The cirenlation of the steam and water. 

6th. The effects of the tabes, as heating 8ar£BUse& 

7th. The economy. 

First. — Of ike proportions of the furnaces, A remarkable 
feature of this boiler is, that its entire area may be con- 
sidered as one large furnace, indicating the dependence on 
this department for the supply of steam. As to its several 
parts, there is disproportion everywhere. The chamber 
above the fuel is not one-half the size it should be in 
proportion to its length. Allowing a proper body of fuel 
on the bstrs, there will not be 12 inches space between it 
and the crown plates; yet in this shallow chamber, and 
under the influence of a rapid current through it, all the 
operations of gas making, gas heating, mixing with the air, 
and combustion, are to be carried on. On this head Mr. 
Murray justly observes,* "As a large furnace is found by 
experieuce greatly to facilitate the admixture of the gases, 
and to ensure their more perfect combustion, as well as to 
afford the most effective kind of heating surface, it is of 

* Evdimewtary Treatiite on (he Marine BngiM : by Robert Hurray, 
C.B. Weak^ 
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great importanoe that tbere should be plenty of room over ike 
^ree" It need only be observed, that in this bmler we 
haye the very oppoeite of this recommendation ; there :being, 
in &ct, the least possible ^^room over the fires** 

Fig. 119. 




So of the ash-pit ; although above 9 feet long, it has but 
an average depth of 18 inches. Thus the spaces, both above 
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and below tbe fuel, have the character of loDg narrow pas- 
sages, causing injudicious longitudinal currents, and coun- 
teracting all the processes of nature. 

Second. — Of the distance which the flame and heat have 
to trayel. Tbe deficiency is here remarkable, there being, 
in fact, but a few inches of lineal run between the fuel and 
the first range of the tubes ; say from A to B. It may then 
be asked, what is to become of the great body of flame and 
half-burned gases rising from the coal on an area of 20 
square feet, the bars of each furnace being 2 feet 6 inches 
wide, by 8 feet in length ; the six furnaces of each boiler 
thus presenting an aggregate bar surface of 120 square feet. 

Now the disposing profitably of this mass of flame is the 
really important question. If left to itself, and duly sup- 
plied with air, it would have extended to a distance of 15 to 
20 feet from the bridge, along which course it would 
continue profitably giving out heat, and producing evapora- 
tion. All this capability is, however, here sacrificed, since, 
as already shown, flame cannot pass unimpaired, or unextin- 
guished, through a series of metallic tubes, and without 
being so affected by that subdivision which weakens and 
destroys intensity. 

The management of flame is, we have seen, at all times 
an extremely delicate and difficult operation ; here, however, 
all the processes of nature are deranged. Here is the largest 
volume of gas and flame, concurrently with the smallest pro- 
vision for the admission of air for its combustion; — the 
greatest quantity and intensity of heat in the furnaces, with 
the shortest run, and the least fraction of time for imparting 
that heat to the plate surface. Instead of being allowed to 
pursue its course, and have due time for the combustion of 
its carbon, the flame is here suddenly and mechanically 
divided into three hundred and sixty small portions, by 
being forced into that number of tubes. 

It has already been shown that it is essential to the 
existence of flame that its high temperature he evttained. 
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untU the proeeu efeombtution he eompletei; yet the most 
effectual means of reducing its temperature, as shown by 
Sir H. Davy, is to hreak it up (as is here done) into 
numerous Je^le portions^ The result is, that the carbon of 
the gas (then in the state of flame), instead of being con- 
verted into carbonic acid, and producing a very high tem- 
perature, is, by these cooling influences, reduced below that 
of ignition, and then consequently deposited in the form of 
dense smoke and soot. The boiler now before us produces 
unyarying columns of smoke of the blackest character. So 
great, indeed, is the quantity of deposited carbon, that the 
tubes are not unfrequently entirely filled, and would remain 
permanently choked, were it not that the fuel, becoming 
alternately incandescent, and the bars irregularly covered, 
much air then passes, and relieves the tubes of the deposited 
carbon ; filling the atmosphere and covering the decks with 
masses of "blacks." 

Next to the admission of the air^ the length of the run is 
the most important element of efficiency in the working of a 
furnace. Where short tubular boilers are employed in 
steam vessels, the only alternative for avoiding the waste by 
smoke is the use of anthracite coal; and which, as it contains 
but little of the hydro-carbon gases, comes nearest to the 
use of coke in the locomotive.* 

With reference to the shortness, or rather absence, of run 
in this boiler, and looking to the great body of flame pro- 
duced, it may be regarded as rather a fortunate circumstance, 
that these masses of tubes are thus interposed, as they 
become the direct means of cutting short the flame and 
intense heat, and thus preventing it from passing to the 
take-up and funnel, and keeping them at the dangerous 
temperature of redness. 

* The ownen of tbe GreaA Britain, with tabular boilers, have been com- 
pelled to adopt this deseription of ooal ; 1000 tons of it b^ng put on board 
for each voyage. The boilers in this Tessel are on the close tabular 
l>rindple. 
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The iafefence isyithat tlie tslMdar boilor (aeoompaniedl bj- 
ft abort rail) vdth a krge area of fire-grate, aod usiiig bito* 
minous coal) is whoUj/ iaoompatible, nofe <mly with perfeot- 
oooibastioD, >aiid obtaining tho due meaaHre of heat fieom the 
fuel and flame, b«t eyen with safety, nnlesa onder the 
infioenoe of some such protection, or preyentive, aa thes^ 
tabes anpplj, 'and >whioh as effectuall j extinguish the flame 
aathe fBteat fire mmihihtor ideea, at the moment ita con* 
tiBuanoe would be produotiTe of danger. Thia ia indeed 
a ooatlj and complicated mode of pvoteeting the funnel and 
uptake. iNerertheleas, it has that effect, though a rery 
di£brentone from that which had been contemplated. 

As illustratiye of the want of eastern in this matter, it 
may be mentioned that a laad-esgine boiler was made at the 
same time, on the ordinary flue principle, but in direct 
opposition to that of this tabular ;— the knuNfoiler having a 
yeiy long run — the marine-boUer having scarcely any. In 
the former, the flue, after passing under the boiler the 
entire length of 20 feet, -was led round it to the chimney, 
thus giving a run of 100 feet lineal. By this means not only 
surface, but distance and time were secured for obtaining 
heat from the gaseous products, and transmitting it to the 
water. In this fnartne-boiler, on the contrary, by means of 
the short run, both distance and time are saeriflced, and con* 
sequently heating power lost. It would be difficult, therefore,, 
to reconcile the principles on which these two boilers were 
constroeted, seeing that their arrangements were in such 
direct opposition to each other. Either the one or the other 
must have been altogether erroneous. 

Third. — Of the time allowed for giving out heat. The 
question rf time and distance being so directly connected, 
whatever influences the one must have a oorreeponding 
effect on the other. "When, however, we consider that the 
time or interval that can elapse between the passing the flame 
from the furnace, and its reaching the tubes, can be but a 
'^aUfraeiion of a second^ such must be wholly insufficient 
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fiw'gi?aiig out the heatfromBo.eaoxmoasabodjof lame. 
Iii.:ilu8;fieq)e9ty then, tiio mMino .tithular boiler is pre- 
enuiMaiLtly delectire* The eonsofueace is, that the gene- 
ladAsm of steam is alinoflt . exdiusivd^ confined to tha region 
qf\ihfii 'fimMO^ andithot dijpectixadiatod.heat firom the flame 
ia them. 

• feiiiBtb»---?Of.tbe.A^»»»Mu^^atV. No profisiomwhatdver 
laitere-^Bade^ApartfrcMa that by the .aahriut. The manifest 
Qcreff.of ;aiioh An^aaiuigemexyiwill, be best .undeistood bj 
planting to> the utter imposabHitj of j thendOQyOOO cubic feet 
of air rei|uued for)idiega8y together with the 600,000 cubic 
feet for the coke from the three, ions qf. coat hourly consumed 
on the bars, to find access through the bodj of. coal resting 
on them. 

iFilkh.-«-Of the cireuhHon of the water. In this boiler 
noihiog has been, dcme in aid of the circolatioD, but much,. 
OQ the contrary, to embarrass both its ascending and 
descending currents. This is OTon aggrayated by the 
circumstance of the water space, at the back end, which in 
^ue ioUers, r9S being the eoldesi, and ferthest from the 
fiimaoea, .and most favourMe for the descending water ^ is 
here the hottest ; the great body of flame being projected 
dkectly. against it at G, ^d therefore most imfaTourable for 
that descending current. 

Sixth. — Of ttot tubeSy as /leoft'n^ surface. The value of the 
tubes, in a locomotive^ arises from their presenting a larger 
aggregate, of internal heating sur&ce for contact with the 
heated gaseous products — these being chiefly transparent 
carbonic acid and oxide, and in all instances free from smoke 
or oarbonaceoas deposit. Inthe«an»« ^ti^wZar, however, 
where coal is maed, and no such transparent gaseous products 
exist, but cm the contrary, where there must be always a 
large volume of fuliginous gas and flame, the tube system is 
wholly inapplicable. 

Li adopting the. tubular principle in maanne hoUers^ it was 
no. doubt supposed that the increased surface would have 
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been equally effective and unobjectionable as in the locomo- 
tive. This inference was drawn, however, without taking 
into account the chemical difference between the use of 
bituminous eoal^ in the one case, with its accompaniments of 
gas, flame, and smoke, and of eoke alone, in the other, but 
in which none of these exist. Neither was it taken into 
account, that in the locomotive, the draught, and the all- 
essential volume of air introduced, was obtained by artificial 
means, and was therefore always sufficient and under control ; 
whereas, in the marine-boiler, the required draught could 
only be obtained by a great expenditure of fuel and heat — 
in facty by heating the funnel. 

Seventh. — Oi economy. In the use ot fuel in this boiler, 
economy is out of the question. The great supply of steam 
bring generated from the radiated heat and impact of the 
flame in the furnaces, the system of forcing the fires becomes 
an absolute essential ; the greater the weight of coal consumed 
in given times, the greater being the amount of available 
flame produced. 

As to economy of space in limiting the length of the boiler, 
we often deceive ourselves, since what is apparently saved is 
not all gained. Flue-boilers are comparatively low, admit- 
ting much of the coal supply to be placed over them. This 
may be doue without inconvenience or risk ; often, indeed, 
with comparative advantage, the coals so placed tlius avoid- 
ing the accumulated deposit of the fine-powdered part, which 
takes place at the bottom of large bunkers when undis- 
turbed, and from which that gas is generated which is so 
often found to ignite in spontaneous combustion. Tubular 
boilers, on the other hand, are necessarily high, extending 
above the deck. The consequence is that stowage for the 
coal must be provided elsewhere, by appropriating a portion 
of the hold to that purpose. 

In the boiler now under consideration, the 360 tubes are 
placed in vertical ranges, 15 iu each range. It is needless 
to repeat that the tubes, iu ranges 6 feet iu height, could not 
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be available ; since the lower ranges are the first occupied 
as being the hottest, with an accelerated current in propor* 
tion as their area is diminished. 
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A further disadvantage of the marine tubular boiler is, that 
there is no place for the deposit of soot,^ sand, ashes, and 
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other matter which accompanies the use of coal ; or the scale 
or sediment which is found both inside the tubes as well aa 
outside of them, in the narrow water-spaces. The result 
is, that all this matter accumulates in the tubes and bottom 
of the smoke>boz, requiring constant attention for its removal 

Again, to facilitate the remoTal and the clearing the tubes, 
the entire fix>nt of the boiler at D, instead of being loatW' 
apace^ as in flue-boilers, is occupied by a series of doors, 6 
feet high, and which, as they are so liable to be over-heated 
and warped, admit much air, often igniting the unconsumed 
gas which has passed from the furnaces, and sending the 
flame to the up-take and funnel, keeping them at a danger- 
ous temperature, as was the case in the steamer ^' Amazon^^ 
over-heating these parts which were under^ieck^ and where 
no means of extinguishment was available. 

A practical illustration of the disadvantages of small tubes, 
was afforded in the boiler of the steam-vessel, the ^^Leedk^^^ 
in which, for the express purpose of dedding the question, 
one-half the boiler was constructed with tubes of 3 inches 
diameter; the other having enlarged tubes of 7 by 5 inches, 
as shown in !Fig. 120. 

The result was, that for years no repairs whatever were 
required in the latter, while the former was a continued 
source of annoyance and expense ; besides that, it was less 
effective as a steam generator. Many of the small tubes 
had to be renewed ; the water spaces were liable to be filled 
with incrustation ; and the face-plate, in which the tubes 
were inserted, required to be drawn in, and the tubes again 
rivetted ; innumerable patches and additional bolts were from 
time to time introduced to secure the back face-plate, and 
preserve it in its place. 

Here also was a practical confirmation of the fact, that the 
mere circumstance of having a larger aggregate surface had 
no effect in producing increased evaporation, the aggr^ate 
9wrfaee of the small tubes, in the one-half of the boiler, being 
double that of the larger ones in the other half. 
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An inatiuice of the desire to obtain a large aggregate of 
iutemal Burface, but without due consideratioa as to its 
being available or brought into operation, was shown, in the 
late BubstitutioD, in a vessel of great nu^^nitude, of a tubular 
for a flue boiler; a change, however, which was the reverse 

Fig. 121. 
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of being beneficial. This boiler, as represented in the 
annexed figures, was not less than 18 feet 6 inches high. 

Pig. 122. 
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This majbe called a triple boiler — one flue, and two tuhulare. 
Looking to the ooorses which the steam and water had to 
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take in this boiler, it would be difficult to estimate the 
amount of obstructions which each would have to en« 
counter, or the impediments interposed to their respectiye 
functions. 

As to the general characteristics of marine tubular boilerSi 
Mr. Murray, in his recapitulation, places them in strong 
contrast with what he considers the most important re- 
quisites, and which he enumerates as follows : 

''1st. The boiler should be designed with a sufficient 
amount of heating surface, so contriyed, that as lititle of it as 
possible may be rendered ineffective, either from the reten- 
gion of Btea/in in contact toith it — ^from the formation of scales 
within — or from the deposition of ashes and soot in the 
bottoms of the flues and tubes." Now, the tubular system, 
where coal is used, is in direct opposition to all these condi- 
tions. 

'' 2nd. The fire-bar surface should be sufficiently large to 
admit of the necessary quantity of coal being consumed with 
thin open fires." The policy of this condition, of thin open 
fires, may be correct, where the boilers are sufficiently large, 
and the consumption of fuel slow, as in the Chmish boiler ; 
but is inapplicable in the marine tubtUar, which, by reason 
of the short run, and the necessity of throwing so much 
duty on the furnaces, inyolves the necessity of hard firing 
and the forcing system, 

" 3rd. That the proper area be maintained through the 
flues and tubes, and that the passage to the chimney be 
such that the draught be not interrupted." In the 
tubular boiler, the interposition of the mass of tubes is 
peculiarly instrumental in checking and interrupting the 
draught by their cooling and other influences, but without 
which, as already shown, the funnel would be kept at a 
red heat. 

"4tb. That the furnaces should be roo^my, and that the 
fires should not be larger than can be conyeniently stoked." 
These conditions as just shown, are the very reverse of what 
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exists in the marine tubular, more especially the first, 
enjoining a roomy furnace. The last head of this recapitu- 
lation is, however, as follows : 

'* 5th. Which is, perhaps, the most important of all, and 
the one most neglected, that experienced and careful fire- 
men be provided.** Now, what the duties can be which 
demand such care and experience as to make this condition 
'^ the most important of all," is however, not intimated, and 
never has been explained by any writer. It is, indeed, much to 
be feared, that the general insufficiency of boilers, caused by 
the absence of many of the truly important requisites, are 
too often laid to the account of careless or inexperienced 
firemen ; yet, it may be taken for granted, that if any duties 
are required, beyond those of the very simplest character, 
and which can be taught any abla and willing man in an 
hour, there must be some more serious mal-arrangement 
than can be remedied by any amount of care, skill, or expe* 
rience on the part of the fireman.* 

This is the more entitled to consideration, seeing, that in 
the above recapitulation, nothing is said of that which is 
really the most important requisite, namely, the provision 
for the admission of the air to the ga$ generated in the 

* Where the air is properly introdticed, the duties of firemen are all con- 
tained in the following instructions :— 

1st Begin to charge the furnace at the bridge end, and keep firing to 
within a few inches of the dead plate. 

2nd. Never allow the fire to be so low, before a fresh charge is thrown 
in that there shall not be at least four to five inches deep of clear, incan- 
descent fuel on the bars, and equally spread over the whole. 

3rd. Keep the bars constantly and equally covered, particularly at the 
sides and bridge end, where the fuel bums away most rapidly. 

4th. If the fuel bums unequallyi or into holes^ it must be levelled, and 
the vacant spaces filled. 

5th. The large coals must be broken into pieces not bigger than a mau*s 
fist. 

6th]y. Where the ash-pit is shallow, it must be more frequently cleared 
out. A body of hot cinders overheat and bum the bars. 
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furnace chamber. Yet the great question of perfect or 
imperfect combustion involves the providing the rektive 
volumes of air and gas. How strange, that with our present 
knowledge of the chemistry of combustion, so much stress 
should be laid on mere questiona of proportions, while the 
main point, the primum mobile^ is neglected. 

On the inadequacy of the short boiler, short run, and 
short time for the performance of its several functions, Mr. 
Murray judiciously observes as follows : — '' Superior 
economy of lar^e boilers^ Here arises a principle of 
economy, from the use of boilers of ample capacity to gene- 
rate steam without the fires being unduly disturbed ; and 
it is believed, that on this ground alone, can the alleged 
superiority of slow over rapid combustion, be maintained." 
There can be no doubt on the subject. The true corrective 
then of these inconveniences consist in letting the size of 
the boiler and its parts be commensurate with the demand 
for steam. 

In illustration of the want of any fixed principle for the 
internal arrangements of the several parts of a boiler, it 
may be mentioned, that during the Parliamentary inquiry 
on the smoke nuisance, engineers insisted on what was con- 
sidered the main essential, and which is the reverse of the 
present practice, namely, that boilers should be lar^e enough ; 
and that waste, injury, and the smoke nuisance, were the 
necessary results of making Mudl boilers do the tpork qf 
larger onee> 

Pressed by the value of space in marine vessels, engineers 
have, however, no alternative. In the arrangement of the 
vessels sufficient space is not allowed ; all considerations are 
made to yield to large hdds, or large passenger aocommoda* 
tion, while the boiler, the very source of its power, is shorn 
of its necessary proportion. Into the short space of ten 
feet three inches, the marine boiler we have just been con- 
sidering (of above 800 horse power) had literally to be 
stowed, and not one inch to spare. To this shortness, there- 
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fore, in the boiler, is attributable the violation of all the 
laws of nature in working out the processes of combustion, 
circulation, and evaporation. Engineers are required to 
construct small boilers to do the work of large engines, the 
evil of which has been so well illustrated hj Mr. Fairbaim 
in his late publication. Under these imperative instruc- 
tions, they inconsiderately turned to the plan of the locomo- 
tive. The owners of steam vessels wiU in time jBnd out 
their error. It is, however, unreasonable that limits should 
first be imposed on the engineer which are incompatible 
with efficiency and economy, and that he should then be 
condemned for not providing the due quantity of steam, 
and the required amount of pressure; for causing too 
heavy a consumption of coal ; the frequency of injury to 
the furnace-plates ; the waste of fire-bars ; the great 
nuisance of smoke; and the rapid deterioration of the 
boilers themselves. 

The consideration of these results lead to the conclusion, 
Ist. That the system of numerous small tubes is radically 
erroneous, both with reference to the carrying and transmit- 
ting the heated products within them, and to the currents of 
steam and water outside them. 2udly. That the placing 
the mass of tubes above the furnaces and flues, renders 
the application of the tubular system doubly vicious, by its 
interference with the functions of the steam and water ; 
thus directly intercepting and obstructing their rising and 
descending currents. 3rdly. That the short boiler, with its 
short run system, is directly opposed to the operations 
of nature, as regards the mixture, heating and combus- 
tion of the gaseous portion of the fuel, with the very 
large quantity of atmospheric air which is absolutely re- 
quired.* 

* Mr. Craddock observes, '^I am bound to say, that Mr. Williams's 
plan meets the conditions which chemistry requires for perfect combustion, 
better than any other with which I am acquainted. Mr. Williams proceeds 
upon the principle of mixing the gas in the furnace with numerous small 
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CHAPTER XV. 

OK THE UfiJB OF HSATBD AIB AKD ITS SUPPOSED TALUl 
IK THB FUBKACEB OF BOILEBS. 

SiKCB the appearance of the first part of this treatise^ 
showing the necessity for admitting air to the gases gene- 
rated in the furnace, apart from that admitted bj the ash- 
pit, numerous patents have been taken out for effecting that 
purpose. 

With the view of obtaining credit for originality, none 
have attracted more attention than those which assumed 
that the air introduced was to be heated^ and that it would 
thereby become more effective. These plans, however, do 
not merit notice, either on the ground of theory or practice. 
It is right, nevertheless, that the public be put on their 
guard against being misled by the many plausible theories 
connected with this hot air system. 

Among the devices by which the public have been led 
astray, may be mentioned, the use of hollow bars, supple- 
mental fiues, calorific plates, self-acting valves, double grates^ 
heated tubes, and such like contrivance8,-7Some of which 
have already been qoticed, — overlooking the fact, that the 
whole question, as regards furnaces, and the best use of 
fuel, depends on the bringing the solid and gaseous consti- 
tuents of the coal and the atmospheric air together, in the 
proper way. 

When these so-called inventions came to be examined, it 
was found that they were incapable of imparting any sensi- 

jeta of air. Theae innamerable small jets, by reason of their more readily and 
completely mixing with the atoms of the combining gases, must be admitted 
to be well calculated to produce that intimate mingling which chemistry 
shows to be abMoUUtly neccttary,** 

a 3 
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ble degree of heat to the great Yolume of air required. That 
they were, in fact, but so many proofs of the ingenuity of 
their respective advocates, and of the ease with which the 
public may be imposed on ; and that the announcement of a 
scheme for consuming, or preventing smoke, by the use of 
hot-air was a mere professional and ad captandum averment, 
based on no principle, justified by no proofs, and supported 
by no chemical or practical authority. 

The idea that there was some undefined value in the use 
of hot-air, originated in the hot-blast system in the manu-^ 
facture of iron. The principle or process by which iron may 
be melted has, however, so little relation to that by which 
the combustion of the coal gas in furnaces is effected, that 
no analogy whatever exists between them. 

To show in a still stronger point of view the deception 
practised, either on themselves or on others, it may be 
observed that it is not to the coke or incandescent part of 
the fuel on the bars that these patentees would apply the 
hot air, (as is done in the iron furnaces,) but to the gases in 
the furnace chamber, where the great disproportion between 
the relative bulk of the air required, and the gas, is already so 
obstructive of rapid union and combustion, and one of the 
great difficulties to be encoimtered. 

With reference to the use of hot-air in boiler furnaces, no 
inquiry appears to have been made, either as to the tempe- 
rature to which its advocates woiild raise it; or even 
whether, by any of their plans, it would be heated at all. 
Still there was something so plausible in the enunciation of 
a plan ^' for consuming smoke by means of hot air," that it 
was listened to by many who had no means of investigating 
its supposed merits, or detecting its fallacy. 

The first question for inquiry here is, what would be the 
effect of heating the air before it would be introduced into 
the furnace P Ohemieallff, no change whatever is effected « 
Mechanieally, however, an important change takes place, 
namely, that its already unwieldy volume is still further 
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increased. Thus, if a cubic foot of air te heated one addi- 
tional degree, its bulk will be increased ^-J-v P^ » ^^QS^' 
quently, if heated by an addition of 480 degrees, its bulk will 
be doubled. 

Let us then see if any effect be produced on its eomiitU' 
enU by this enlargement of its yolume. Let Kg. 128 re- 
present a body of air at the temperature of 82^ and weigh* 
ing 86 grains, viz., 28 grains of mtrogen, and 8 grains of 
oxygen ; these being the proportions as they exist in the 
atmosphere. 



Pig. 128. 




Air at 32"* = S6 grains = 28 nitrogen, 8 oxygen. 



Again, let Pig. 124 represent the same weight of air, , 
heated to the temperature of 32 + 480 =s 512<^ ; its bulk 
being then doublid. Neyertheless, there are still but the 
same relatiye weights, viz., 28 grains of nitrogen and 
8 grains of oxygen, and no more. 

Fig. 124. 




Air at 32*" « 86 grainfi = 28 nitrogen, 8 oxygen. 

Now, as the efficiency of the air in producing combustion 
and generating heat is not in the proportion of the hulkf 
but of the weight of oxygen it contains, nothing has been 
gained by such increased temperature; while this great 
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practioal diBadvantage has been incurred — ^that doMe the 
vohme of air must be introduced into the furnace ; and, of 
coursei double the draught must be obtained before the 
same quantity of gas can be consumed. 

The practical inconvenience of enlarging the yolume of 
the air bj heating it is easily illustrated ; for if the oxygen 
of 800,000 cubic feet of air, at atmospheric temperature, be 
required for combustion of one ton of coal, it would require 
that of 600,000 cubic feet if raised to 512°— a yolome which 
no naiural draught would be equal to. 

Sir H. Dayy says : " By heating Birongly gases that bum 
with difiEiculty, the continued inflammation becomes easy." 
Thus, as they are more easily inflamed when hot than cold, 
we have this testimony in favour of heating the gas rather 
than the air. With reference to heating the air, and 
thus expanding it. Sir H. Davy does not appear to have 
attempted it ; but he has done what was more to the point 
« -—he tried the effect of condensing it. Professor Brando 
says : " Sir H. Davy found considerable difficulty in making 
the experiments with precision; but he ascertained that 
both the light and heat of the flames of sulphur and 
hydrogen were increased in air condensed/our times" This 
is decisive against heating the air, and in fiivour rather of 
condensing it.* 

If, as already shown, by heating the air we necessarily 
enlarge its bulk, and reduce the weight of oxygen in each 
cubic foot, we as necessarily diminish its efficacy in the 
furnace. Under such circumstances, the only alternative 
would be the increasing the draught, to compensate by 

* ICr. Band MoBhet, in a letter on the hot air Mlaey, well describea 
people flying to produce '* a great leyolution in steam engine fomaoes, 
by applying hot air to the mere combustion of coal ; ** and settles the 
question at once when he says, *' The value of dense air in promoting 
combustion is so undeniably established, that we should do better to attempt 
to mdidify it, in contact with combustible matter, rather than to 
volatUiie U.'' 



AXa THK PBKTXMIIOK OT aUOES. 206 

increued quantity for dimiaiaiied weight. Were it pos^ble 
to heat the air without causing &aj enlargemeat of its bulk, 
we should then be in a positioii to decide oq the relative 
merita of air at any given temperature. As, however, that 
is impoaaible, it is indisputable that we gain nothing by 
heating the air, more especiallj' when we do bo by the 
Buicidal means of taking heat from the very furnace in 
which it waa to be used, while we should seriously em- 
barrass ourselves by having to increase the draught, and 
which could only be done by some mechanical blowing 
apparatus. 

Again, see the physical dif&culty which heating the air 
would create in the preliminary operation of mixing : the 
%£C7>a of gas being thrown at a greater distance from each 
other, by the enlargement of th6 bulk of the intervening air, 
as shown in the annexed figures. 



Fig. 125. 



The large circles represent 
atoms of air, and the small black 
circles those of the gas ; eacli of 
the latter being in contact with 
four of the former, equal to ten 
times its volume. 



Fig. 126 represents tbe same weight of gas and air; 
the only difference being, that the air is shown with its 
enlarged volume consequent on its increased temperature. 

Here ia truly represented what would occur by heating 
the air, the atoms of gas being thrown so much further 
apart, and consequently producing a corresponding difficulty 
in elfecting that atomic mixture which is the main requisite 
of combustion. Thus, in whatever point of view the subject 
is considered, it is manifest no chemical or practical good 
can ba effected by heating the air. 
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Fig. 126. 




The use of hot air ha?ing engaged the attention of 
Mr. Fiideauz, in connection with some departments of the 
manufacture of iron, he endeavoured to reduce his theoiy 
to practice; but candidlj admits that "his antioiptUioM 
were not realised" His obserrations, however, as given in 
his treatise abreadj referred to, are so conclusive against 
the use of hot air, and so confirmatorj of what is said 
above, that it can onlj be a matter of surprise he should 
have lent himself to the hot air fallacy. 

He correctly observes : '' There is, no doubt, more heat 
contained in the products of combustion from a given 
weight of coal and air heated before ignition to 720^ than 
would be contained in the products of the same quantities 
bjf weight of gases ignited at the temperature of 60°. When 
we tidce given meaewreB^ however, instead of given weighted 
the case is reversed," 

This is the whole case of the furnace : it is not the 
measure of the air introduced, but the weight of oxygen in 
each cubic foot that will influence the amount of heat 
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generated. His reasoning throughout is ^' in explanation 
of the effect of hot air in diminishing the heat of the 
working chamber of re?erberatory furnaces," and he might 
add, a fortiori in the furnaces of boilers, where no aid could 
be had from mechanical draught or pressure, to counteract 
tho effect of that increased volume which beating the air 
would produce. 

Again, he observes: ''Whenever I took any steps to 
effect this object in the puddling furnace, I encountered 
the fact) that precisely as my arrangements for heating the 
air became more perfect, did I destroy the draught through 
the fuel, deaden the fire, and lessen the yield of iron. This 
unexpected result I attributed to the rarification of the air 
in the ash*pit. When the atmosphere is 60^, air is double 
in volume at 568^. When thus rarified a much smaller 
quantity will pass in a given time, under the ordinary 
pressure of the atmosphere^ than would pass were the air at 
60^ J and, consequently, of double the density. The result 
is, a greatly diminished draught, and less intense com- 
bustion; and it is to not having rightly appreciated these 
conditions that the numerous failures which have been 
incurred in attempting to apply heated air to furnaces^ must, 
in part) be attributed^* 

Seasoning cannot be more correct, and at the same time 
more conclusive, against the error of attempting to increase 
the efficacy of the air, in the combustion of coal gas, by 
heating it. 
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CHAPTER XVI. 

ON THE INFLUENCE OF THE WATEB GENEBATEJD IN FUR- 
NACES FBOM THE COMBUSTION OF THE HTBBOGEN Ol* 
THE GAS. 

Albeadt manj proofs have been given of the injurious 
results of the tubular system, where gas and flame have to 
be dealt with. There is one other circumstance still to be 
mentioned, and which demands particular attention, namely, 
— the generation of a large quantity of water in furnaces in 
which coal gas is produced and consumed, and which, being 
in the form of steam, becomes the largest product of that 
combustion. 

In the ordinary use of coal gas, the presence of this 
water of combustion attracts no attention, — generated as it 
is in small quantities from the flame of each separate 
burner. From the enormous quantity of gas, however, 
which is hourly generated and consumed in large furnaces, 
the great quantity of water formed will* be found accom- 
panied with evils of a serious magnitude, unless due pro- 
vision be made for its disposition. It seems strange that 
the numerous writers on the construction of boilers, and 
the combustion carried on in their furnaces and flues, should 
have omitted all reference to this great quantity of water, 
and the important diflerence in the mode in which it is* 
disposed of, in flue and tubular boilers.* 

* It appears, by a paper read at the Institution of Ciyil Bogineers, 
June 13, 1843, that in consequence of the seriouB injury sustained by the 
books in the Library of the Atheneum, London, the attention of Mr. 
Professor Faraday, as well as of other scientific members, was drawn to 
the subject of ventilating the lamp burners. The result was the adoption 
of a system, by which the water, and other products of the combustion of 
the gas, are effectually carried away. The plan consists of placing a 
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The fact of this great quantitj of water being produced 
admits of no doubt. Bituminous coal, we have seen, con- 
tains from 5 to 6 per cent, of hydrogen, and as each pound 
of hydrogen, in combustion, combines with 8 pounds of 
atmospheric oxygen, the product is 9 pounds of water. 
Each hundred weight of coal, then, containing on an average 
5^ pounds of hydrogen, the product will be nearly 50 pounds 
of water. Thus the gas from each ton weight of coal wi)l 
produce about half a ton weight of water, in the firm of 
steam. 

When the coal gas is generated in the furnace, the first 
operation towards its combustion is the union of its 
hydrogen with the oxygen from the air, forming water. 
This chemical union, as already shown, produces that 
intense heat which raises the other constituent — the 
carbon, to the temperature of incandescence in the form of 
bright visible flame. It is this heat which, on being 
applied to some solid body, as charcoal, or lime, produces 
the extraordinary luminosity exhibited in the oxy-hydrogen 
microscope. 

The water thus formed, flies off in invisible radii, from 
the surface of the flame, and with the explosive force due to 
its high temperature. The presence of this water may be 
made visible by approaching anj cold polished metallic body 
(as the blade of a table knife), near to, but not touching, 
the flame of a candle. The previously invisible radii of 
steam will then be seen condensed, like moisture, on the 
polished surface. 

This may be exhibited on a larger scale by holding a new 
tin kettle of cold water, with a bright bottom surface, one 
or two inches above the glass chimney of an Argand gas 
burner. The water of combustion will soon appear con- 

■econd glass cylinder, larger aod taller than the ordinary one, oTer it. 
This outer glass is dosed at the top, and the products, passing downwards 
between the two glasses, are carried away by a metal tube to the chimney 
■Uek. 
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deaeed on the bottom, in preionca of, and as it were in 
defiance of, the great hut to which it is exposed. Thia will 
coatinue until the water in the Teasel reaches a tempera- 
tare of 80°. 




Bt the appuatoa ehown in the annexed Figure 127, this 
water ma? not onlj be condensed, but collected. It conaista 
of a tin vessel, a, about four feet long, filled with cold 
water: — the flame of a large gas burner b, and the heated 
prodncts passing through the flue o, slightly incUned from 



AlTD THB PBBTXITTIOK Or SHOKX. 211 

c to D, to fayour the escape of the condensed water of 
combustion. 

The flame and other products of the gas being directed 
through the flue, the steam will be condensed within it, and 
the water will continue dropping from the lower end into 
the vessel e, as long as the flue remains sufficiently cold : — 
the other products passing off by the funnel, and at a very 
low temperature. 

This process may be continued for anj length of time by 
having some ice in the water to keep the temperature of the 
flue sufficiently low to promote immediate condensation of 
the steam. Here the flame appears literally converted into 
watery these being the only two of its products that are 
visible. 

It is now to be considered, how is this great volume of 
steam to be disposed of. 

In boilers on the f^ie system where there is sufficient 
room, this steam produces no injurious effect, by reason of 
its having space to ieparate itsey^ from the flame, as rapidly 
as it is generated. 

In the tubular system, however, the injurious influence of 
this mass of steam is serious and palpable. Instead of 
passing away in a flue, with a sectional area of 8 or 10 
square feet, it is forced by the draught into the hundreds of 
small metallic tubes of but two or three inches in area, and 
thus brought into immediate and even atomic contact with 
the flame, from which U had just been ieparated^ — ^both 
struggling to enter their narrow oriflces at the same 
moment. The immediate and inevitable result of this com- 
pulsory mixture is, the cooling the atoms of the carbon, 
which gave luminosity to the flame, and its consequent 
extinguishment, precisely as the steam formed by the com- 
bustion in Phillips' fire annihilator acts on flame, when 
brought into contact with it. By the tubular system, the 
great body of steam being thus mechanically compressed 
into the closest possible contact with the flame on entering 
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the mouths of the tubes, is compelled to act the part of the 
anuihitator. 

It is thia artiGcial mixture of the diy carbon with tiis 
Bteam that forms the sooty incruBtation in the interior of 
the tubes, flues, and chimney. Were it not for the presence 
of this steam, the dry pulferulent carbon, such as we see 
collected on the wick of a tallow candle (where the new- 
Pig. 128. 



formed water Laa no access to it) would,' from ils leri^ and 

w _ 
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(IrynesB, pass off rapidly by the chimney ; forced, however, 
into contact with the steam, a block, pasty, nou-conducting 
moss is formed, adheriog to whatever it touches, and soon, 
from the heat, becoming hard and solid. 

It need scarcely be observed, that nothing of this kind 
occurs in the tubes of the locomotive ; no hydrogenous gas 
being geuerated — no steam of combustion formed, and, 
consequently, no carbon or soot deposited. 

The provision which nature has made for the immediate 
separation of the water from the heated flame may be 
noticed in what takes place in the flame of a caudle. When 
left to themselves, the several products of the combustion 
of the gas, rapidly and effectually separate, lo as not to 
interfere with each other, or reduce the high temperature 
on which perfect combustion and luminosity depend. 

Pig. 129. 



Tn ths flame of a candle, the undeeomposed and nncon* 
flumed gas appears surrounding the wick, and in the centre 
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of the brilliant incandeaceiit carbon. Outside thia white 
exterior, and forming a semi-transparent film of one-tenth of 
an inch in diameter, maj be observed the vertical stream of 
carbonic acid gas, the product of the carbon ; while that of 
the other constituent, the hydrogen^ were it visible, would 
be seen flying off in radii, until absorbed into the sur* 
rounding atmosphere. 

The annexed Fig. 128 will represent a vertical, and 
Fig. 129 a cross section of the flame ; a representing the 
carbonic acid, and h the radiating steam. Instead of 
imitating this process of nature, in keeping asunder those 
several products (carbonic acid, nitrogen, and steam), which 
would neutralise each other, we force them into the most 
unnatural mixture and union, regardless of their chemical 
action when brought into contact. We here see how 
absolutely necessary it is that in every stage and process of 
combustion we keep in view those truths of nature which 
chemistry has so clearly indicated. 



CHAPTER XVII. 

OK JSOVLkSlSGt THE HSAT-TBAirSMITTIKa FOWES OF THE 
INTEBIOS FLiLTB SUBFAOE 07 BOILEBB. 

This branch of the subject has hitherto been entirely 
overlooked. Inquiry has shown that the mere providing a 
large internal surface will not suffice for taking up the heat 
generated in large furnaces ; and that, to turn to account 
any portion of that which, under the best arrangement, ia 
now absolutely lost, we must look to other means than the 
tubular system. 

The question for consideration is, whether an iron plate 
cannot be made to transmit more heat to the water than ia 
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due to its mere superficial area. From what has been 
shown of the slow rate at which the air enters the furnace, 
when meehanically divided into jets orjihns, we are not to 
infer that the gaseous products, when raised to a high 
temperature, within the furnace^ would pass through the 
flues at the same slow rate. On the contrary, we find those 
products are hurried along the face of the plates at a 
considerably increased Telocity. This it is which calls for 
increased means of transmission from the heat to the water, 
when larger engine powers are employed, and more fuel is 
consumed. 

Under the most favourable circumstances of boilers, a 
larger portion of heat will be lost than would be required 
for merely producing the necessary draught. Experiments 
were, therefore, made with the view of counteracting this 
great waste of heat, and which established the fact that it 
was possible, to a certain extent, to increase the quantity of 
heat transmitted by any giyen surface of plate. It is 
true a plate, 10 feet by 10, equal to 100 square feet, 
presents the same amount of surface area as one of 100 
feet long by one foot wide. As a steam generator, 
however, the effect would be very different : — the Ivneal run 
or distance travelled over being as 10 to 1, and occupying 
ten ieoonds of time in the first, and but one second in the 
other. 

When the gaseous products of combustion are carried 
through flues or tubes, this lineal current passes at right 
angles to the line of transmission of heat through the plate. 
If, however, we heat one end of a rod of iron, a large 
conducting power is brought into action, the heat passing 
longitudinally along its fibres. Now this is the power that 
has been here rendered available. 

Independently of the conducting power which a metallic 
pin or rod may have, it possesses then a receiving power, 
greater than is due to its mere diameter. 

Suppose an iron or copper pin of half an inch diameter. 
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inserted in a plate, and projecting into the fine three ineliee 
beyond its surface, and across the current of the heated products. 
In such case, the portion of such plate occupied hy it will 
be equal to a disk of but half an inch in diameter, while the 
pin itself will present a heat-receiving surface of 4^ inches. 
By this means we obtain an effective heat-receivin^ surface, 
nine times greater than the area of the plate which the pin 
occupied. If, then, a series of these conductors be inserted 
in the flue and furnace plates, there will be an increased 
effect from the circumstance of the current of the heated 
products heinff directed against them, instead o{ passing along 
the surface of the plate. 

The popular impression that the three-legged pot boiled 
sooner than the one without legs, though it passed as a 
fable, was, nevertheless, a true one, — the legs acting the 
part of heat-conductora. This was tested bj having a large 
pitch-pot constructed with twenty legs instead of three — 
the bottom being thus furnished with so many projecting 
conductors, each six inches long. The result was, that pitch 
or water was more rapidly boiled in this than in one of 
the ordinary kind. The principle of projecting heat con- 
ductors thus was shown to be entitled to attention, and 
practically available. 

The following experiment is illustrative of the increased 
evaporative effect produced by the conductor pins. In Fig. 
130, Plate 9, 1 and 2 are tin vessels containing the same 
quantity of cold water, 1 being furnished with the con- 
ductors made of \ copper wire, and two left plain ; a 
thermometer, 4, being suspended in each: 5 is a vertical 
flue, through which the products from the flame of a 
large gas-burner passed. Pig. 131, Plate 9, is a sectional 
view of the same. The temperature in both vessels was 
taken in two minutes' time. The following are the 
progressive rates at which the water was raised to the 
boiling point. 
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Fmi with Oondueton. 


ran without Oondueton. 


Initial Tempentare, 61** 


Initial Temperatore, 61* 


10 . 168* 


After 2 minutes, 76* 


After 2 miniates, 70* 


18 . 171* 


„ 4 , 


, . 95" 


M 4 „ . 82* 


20 . 181* 


n 6 , 


, . IW 


„ 6 „ . 101* 


22 . 188* 


,. 8 , 


, . 151-* 


M 8 » . 118* 


24 . 106* 


n 10 , 


, . 177' 


„ 10 „ . 180* 


26 . 203* 


M 12 , 


, . 20l» 


„ 12 „ . 146* 


28 . 210* 


n 13 . 


, . 212* 


„ 14 „ . 166* 


29 . 212* 



Thus it appears that the water in the pan with the heat- 
conduoton, was raised to the temperature of 212® in 18 
minutes, while that in the plain pan required 29 minutes. 

The following experiment shows still further the value of 
assisting the evaporative power by the aid of these con- 
ductors. 

Three tin boilers, as in the annexed Plate 10, were placed 
in connection with a large laboratory gas burner. In each 
was put 22 lbs. of water; 80 cubic feet of gas were consumed 
in each experimeut, in two hours and forty minutes. The 
result was as follows : — 

Iba. OS. 
No. 182, without condnoton, eTaporated 4 li of water. 
1 S3, with condueton on one aide only 7 14 , , 
134, with oondueton projecting on 

both aides .... 8 5 ,. 



The quantity of gas consumed was the same in both 
cases, — the heat generated was the same, — the area of flue 
plate was the same, — ^the difference in effect was therefore 
alone produced by the greater quantity of heat iranimiUed 
to the water^ longitudinally^ through the eonductori. 

In this case, the heat conveyed to the water, and that 
escaping by the funnel, showed that where the waste heat 
was greatest, the evaporative power was necessarily the 
least. 
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Gat oonsumed. 



5 feet 
10 
15 
20 
25 
30 



See Plate 10. 
Fig. 182. Pav without Cokduotom. 

Heat of Water. 
58 
120 
152 
162 
164 
166 
166 



Heat aacai^g. 
62 
382 
890 
895 
806 
402 
406 





988 2432 




Evaporated 4 lbs. 14 ounces. 


Fig. 188. Pan with Coitdvotobs pkojegtiko oh oxb sii>b. 


Oas eonsumcd. 


Heat of Water. Heat escapbxg. 




58 .... 62 


5 feet . 


. 143 ... . 257 


10 


. 160 ... . 280 


15 


. 172 ... . 885 


20 


. 178 ... . 392 


25 


. . 186 . . . .800 


80 


188 ... . 320 




1085 1996 




Eyaporated 7 lbs. 13 ounces. 


Fig. 184. Pa 


K WITH COITDVOTOBS PROJECTIXa ON BOTH BIDKS. 


Gas consumed. 


Heat of Water. Heat escaping 




58 .... 62 


5 feet . 


. 152 ... . 248 


10 


. 174 .... 278 


15 


. 178 ... . 276 


20 


. 182 ... . 278 


25 


. 186 ... . 282 


80 


. 188 . . . 284 



1110 
BTaporated 8 lbs, 5 ounces. 



1703 



The comparison of the three pans then stands thus : — 
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HMt retAiaod. Hiat lo«t. 

1 Pans withont oondneton 988 2482 

2 „ single conductor . 1085 1996 
8 ,, donble condnctor . 1110 1708* 

Numerous instances might here be given of the successful 
application of these heat-conductors both in land and marine 
boilers, in which several thousands of 3-inch pins have been 
inserted, and where thej have been for years doing constant 
duty without a single failure or leakage. 

It is here worthy of remark that M. Peclet, in his Traite 
de la OhaleuTy has suggested a similar mode of increasing the 
transmitting power of a given area of a plate. He begins 
by distinguishing the three characteristics of a plate. 
First, — the reception of heat by one side. Second, — its 
emission from the other side. And Third, the power of 
conduction through the body or thickness of the plate. 
He then observes that a plate of metal has the power of 
transmitting far more heat than it is really and practically 
called on to transmit, on account of the current by which 
the heat is hurried along the face of it. 

Among the modes of counteracting this rapid current, he 
observes: — "If the plates were crossed by metallie bars, 
which should prefect to a certain extent into both fluids 
(gaseous or liquid), one of which was to heat the other, the 
extent of surface contact being increased (by the bars), the 
quantity of heat transmitted toonld be increased^ and the more 
so, as the stratum or film of the fluid in contact with the 
bars would be continually changing." He then supposes a 
case of hot air (as the products of combustion in a flue) 
passing through a tube surrounded by water, to which the 
heat was to be conveyed, and being traversed by metallic 
bars projecting both inwards and outwards. In such case 
the interior projections will become heated, and this heat. 

These, and otber expeiiiQents in illustration of the same results, were 
published in the Mechanics' Magaune, in 1842. 

I. 2. 
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passing along the harSy will he given out from their surfaces. 
It will here be Been, that this is identical with the illustra- 
tions here given. 

M. Peclet observes that this arrangement has not hitherto 
"been put in practice. He was not aware, however, it may be 
assumed, that it had been previously, and many yearsi in 
practice both in land and marine boilers. 

Conductor pins were applied to the boilers of a six-horse 
engine. The result was, that each inch deep of water, 
which previously required twenty-eight minutes to eva- 
porate, was, by means of the conductors, done in twenty- 
one minutes.* 

Encouraged by these results, conductor pins have been, 
during the last twelve years, introduced into many marine 
and land boilers with unquestionable success. After many 
years of observation as to their durability, the conclusion ia, 
that a projection into the flues of three inches is the moat 
advisable. If longer, they will bum away to about that 
length. 

Supposing the conductor to be made of half-inch rods, 
and inserted at intervals of three inches, the strength of the 
plate has been tested, and found to be rather improved, the 
conductor pins apparently acting the part of floor bridging, 
and giving increased stiffness. 

Supposing the area of the flue to be two feet square, then 
the introduction of the pin conductors may be as shown in 
the annexed Fig. 185.t 

* Dr. Ure, impressed with the same viev, made some experiments with 
corrugated plates. The effect, he observes (see his Dictionary of Aria), 
was remarkable : the water evaporated when the current of heated 
products iMUBsed across the corrugations, and, as it were, striking against 
them ; being 00 much greater than when it ran in the same direction. On 
the same principle, the heat transmitted was increased when the current of 
the products was intercepted by the conductors. 

+ The principle of these conductor pins has been adopted in sugar boiler 
pans, and other descriptions of evaporative vessels ; and would no doubt be 
applicable to the operations of brewing and distilling. 
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Fig. 135. 
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As illustrative of the mode and extent to which the 
system has been practically applied, Kg. 136, Plate 11, 
and Fig. 137, Plate 11, represents a plan and section of 
the boilers of "The Bayal William^ These boilers have 
been in constant use for the last nine years, and with the 
most perfect success as regards economy of fuel, — freedom 
from the smoke nuisance, — evaporative power, and dura- 
bility ; the number of conductor pins are 4359. 

The plan of the boiler described as Lamb and Summers' 
patent, may here be given, inasmuch as one of its peculia- 
rities is connected with the use of the heat conductors, and 
precisely corresponding with the description given by 
M. Peclet, — the flue being "traversed hy metallic hars^* 
and which here act the double purpose of staffs (as in 
locomotive boilers) and heat conductors. 

In the boilers of the Peninsular and Oriental Steam 
Company's Ship "Facha,'' as in Figures 138, Plate 12, and 
139, page 222, the stays which act the important part of 
double heat conductors are of -Ith-inch iron : of these there 
are 1920, and as they act effectually on the water spaces 
on each side, do the duty of 3840 most effective fieat 
conductors. 
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Fig. 189. 
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The Patentees state that the superiority of this plan oyer 
the common tubular '' consists in the facility for cleaning ; 
that is, for the removal of the scale or deposit which takes 
place so largely in the boilers of sea-going vessels. The 
vertical water spaces of these boilers afford an easy means 
of cleaning the sides of the flues, and so enable the water to 
come in contact with the iron flue. That in tubular boilers 
the horizontal position of the water spaces between the 
tubes renders it an impossibility to clean them ; the conse- 
quence of which is, that a constant succession of deposit 
takes place. The flues of boilers which have been constantly 
at work since 1850 present no appearance of deterioration." 

The principle of these heat conductors is too self-evident 
to avoid adoption hereafber in all descriptions of vessels 
where heat has to be communicated, or abstracted. 



CHAPTER XVIII. 

OK THE 0£N£&ATIOK AND CHABACTERIBXIOS OF SMOKE. 

So much has been said and credited on the subject of the 
burning and combustion and even consumption^ of smoke; 
and it has been so often asked, Wh(tt is smoke f that the 
subject cannot here be dismissed without comment. 

Dr. Lardner has observed, that on coal being thrown on 
a furnace, '' a smoke will arise, which, passing into the flue 
over the burning coal, will be ignited." With equal cor- 
rectness might he have said, that on coal being thrown into 
a heated retort, a smoke will arise, which passing into 
tubes, is conveyed to our apartments, and there ignited, 
giving out both light and heat. When palpable errors in 
description are committed by scientific men, it can be no 
matter of surprise that an unobservant public should become 
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familiariBed with such absurdities as ''smoke bunuDg/* and 
'' smoke-consumitig furnaces." 

Before the characteristics of combustible gases were 
known, it was natural that all coloured vapours, rising from 
heated bodies, should be called smoke. So soon, however, 
as the properties of the several gases were correctly ascer* 
tamed, through the researches of Davy and Dalton, the mis- 
application of the term became unpardonable on the part of 
those who profess to be public instructors on the subject. 

The gas from which smoke proceeds, iu a furnace or 
retort, is carburetted hydrogen. The constituents of this 
gas have been already described ; each atom consisting of 
two atoms of hydrogen and one of carbon. This latter we 
are warranted in assuming to be a solid, contained, and 
concealed from view, by, or within the gaseous volume of 
the hydrogen, since carbon has never yet been produced in 
the form of a gas, nor hydrogen in that of a solid.. It is only 
when their chemical unions in the form of the coal gas, is 
broken up, that the carbon becomes visible and tangible. 
Now this circumstance alone furnishes an unerring test of 
the difference between ya« and smoke; a distinction which, 
we shall see, is capable of physical proof. 

When we see a dark yellow vapour rising from heated 
coal, as at the mouth of a retort, or from a furnace, or 
domestic fire, after fresh coal has been thrown on, this 
colour is not occasioned by the presence of carbon^ but is 
caused by the sulphur, tar, or earthy impurities which 
might happen to be in the coal. All these are subsequently 
separated from the carburetted hydrogen in the purifying 
process — the gas remaining transparent — so minute are the 
several atoms of the carbon, and so diffused are they when 
in connection with the hydrogen. That the solid carbon is 
there, notwithstanding this transparency, is proved by its 
subsequent liberation ; as when a polished body is thrust 
into the flame of a candle or gas jet, and brought out with a 
deposit of the carbon on it. Carbon, in fact, when in 
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chemicfll union with gaseous matter, is always invisible and 
intangible. The following experiment will suffioentlj illus- 
tiate these facts, exhibiting both the gat and the imdiM in 
their separate states of exiit«nce, and with their separate 
uharacteristica. 
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familiarised with such absurdities as " sm^^ .^^^ ^^p&ble of 
" smoke-consuming furnaces." ^,>' ; V£i small coal, 

Before the characteristicii ..'Jl^J^^;^ development of 
known, it was natural <•»- ,.f/ <,i^/, made red-hot, was 

heated bodies, shoui , .'l^^f,:'^"/^^ covered. A small 
as the properties ' ;.' , /V':'^i^/(,TO into, as into a blow- 
tained, through ^;^:£^j^;f^. 
application of /^J^^'^i^^J^ tube, a copious volume of the 



The ga 



those who p ^:^^^U\.^tie d. That the carbon in this 

gM Jw iT^it** 'l, present, no carbon, however, will be 
two f ril>'^0»<^ 
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^'^M'^'fi^- proved by presenting a sheet of paper 
retort, i^ f^^'^ %ongh it may be slightly stained, if 

*^ J^^'stre^ ^^ S^ (many inches long) being lighted, 

*^ 0^^ ^'' Q will be produced, but which, becoming cooled 

* ^ J^^^ fyre it ^5*^ ^® sufficiently mixed with the air, pro- 

do^^ jATge volume of true smoke. Here, then, is exhi- 

^^^ the g(^y ^^^ fiamSy and ihe emokey at the same 

^' gjeiit, and in BU&essiou, just as they are produced in the 

farnBJO^i — ^^^ &^ being converted into flame, and the flame 

into smoke. 

j^ow let us examine the characteristics of each. The 
carbon in the gas, as already mentioned, is inaccessible, 
being concealed by or within the atoms of hydrogen respec- 
tively, and cannot be separated, or deposited on the paper. 
Qn being lighted, the hydrogen combines with the oxygen 
of the air forming steam, which flies off, as already described. 
The result is, the liberation of the atoms of carbon, either to 
be converted into carbonic acid (if the heat can be con- 
tinued), or deposited in the form of the fine lamp-black 
powder, as we see it collected on the wick of the tallow 
candle. This may be tested by presenting the white paper 
to it, when a large quantity of this black carbon will be 
deposited on it. We here see the double error of mis- 
taking imoke for gaSf and then assuming that the former 
can be burned. 
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It may be well here to notiee an error with which we are 
generally impressed, namely, that the cloudy volume of 
smoke, as we see it issuing from a chimney, and filling 
a large space in the atmosphere, is formed of carbonaceous 
matter. 

With eqiml propriety might we say, if we put a few 
drops of ii^ into a glass of clear water, and thus give it 
a blackened colour, that the whole would become a mass of 
ink. This black cloud is merely the great mass of steam, or 
watery vapour, formed in the furnace, as already described, 
but coloured hy the carbon; and when we consider, that no 
less than half a ton weight of water {in the expanded form 
of steam) is produced from every ton weight of bituminous 
coal consumed, we can easily account for the enormous 
volume and mass of this blackened vapour called smoke, as 
it appears to our vision, and the palpable error of supposing 
that this cloud of incombustible matter ^sls capable of being 
consumed, or converted to the purposes of heat. 

Were it not for this mass of steam the carbon would soon 
fall, as a cloud of black dust ; but, being intimately and 
atomically mixed with the large volume of steam from the 
furnace, it is carried along by the atmosphere, only differing 
in colour, like the cloud of steam we see issuing fro^ the 
chimney of a locomotive when in action. 
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01* SMOKE. 

A coiYSUDSBiLTioir of the nature of the products into 
which the combustible constituents of coal are converted in 
passing through the furnace and flues of a boiler, will 
enable us to correct many of the practical errors of the day, 
and ascertain the amount of useful effect producedi and 
waste incurred. These products are : 
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Ist. Steam — ^highlj rarified, invisible, and incombutftible. 

2nd. Carbonic acid — invisible and incombustible. 

drd. Carbonic oxide — invisible, but combustible. 

4tb. Smoke — ^visible, partly combustible, and partly in« 
combustible. 

Of these, the two first are the products of perfect com- 
bustion, the latter two of imperfect combustion. 

Tho first — steam — is formed from that portion of the 
hydrogen (one of the constituents of coal gas), which has 
combined chemically with its equivalent of oxygen from the 
air — in the proportion of one volume of hydrogen to half a 
volume of oxygen; or, in weight, as 1 is to 8. 

The second— carbonic acid — is formed from that portion 
of the constituent, carbon, which has chemically combined 
with its equivalent of oxygen, in the proportion of 16 of 
oxygen to 6 of carbon, in weight ; or, in bulk, of one volume 
of the latter to two of the former. 

The third — carbonic oxide-~is formed from that portion 
of the carbonic acid which, being first formed in the furnace, 
takes up an additional portion of carbon in its passage 
through the ignited fuel on the bars, and is then converted 
from the acid into the oxide of carbon ; thus changing its 
nature from an incombustible to a combustible. This addi- 
tional weight of carbon so taken up, being exactly equal to 
the carbon forming the carbonic acid, necessarily requires 
for its combustion the same quantity of oxygen as went to 
the formation of the acid. 

The fourth — smoke — is formed from such portions of the 
hydrogen and carbon of the coal«gas as have not beea 
supplied or combined with oxygen, and, consequently, 
have not been converted either into steam or carbonic 
acid. 

The hydrogen so passing away is transparent and invisible ; 
not so, however, the carbon, which, on being so separated 
from the hydrogen, loses its gaseous character, and returns 
to its natural and elementary state of a black, pulverulent. 
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and finely-divided body. As such, it becomes vUible, and 
this it is which gives the dark colour to smoke. 

Not sufficiently attending to these details, we are apt to 
give too much importance to the presence of the carbon, 
and have hence fallen into the error of estimating the loss 
sustained by the blackness of the colour which the smoke 
assumes, without taking any note of the invisible combus- 
tibles, hydrogen and carbonic oidde, which accompany it. 
The blackest smoke is, therefore, by no means a source of 
the greatest loss ; indeed, it may be the reverse; the quan- 
tity of invisible combustible matter it contains being a more 
correct measure of the loss sustained than could be indicated 
by mere colour. 

This will be still more consistent with truth, should any 
of the gas (carburetted hydrogen) escape undecomposed or 
unconsumed, as too often is the case. 

In the ordinary acceptation of the term " smoke,'' we 
understand all the products, combustible and incombustible, 
which pass off by the flue and chimney. When, however, 
we are considering the subject scientifically, and with a 
view to a practical remedy against the nuisance or waste 
it occasions, we must distinguish between the gas as it is 
generated, and that which is the result of its imperfect 
combustion. In fact, without precise terms and reasoning, 
we disqualify ourselves from obtaining correct views either 
of the evil or the remedy. 

Now, let us look at this gas, which we are desirous of 
converting to the purposes of heat, under the several aspects 
in which it may be presented under the varying degrees of 
temperature, or supplies of air. 

In the first instance, suppose the equivalent of air to be 
supplied in the proper manner to the gas, namely, by jets, 
for in this respect the operation is the same as if we were 
supplying gas to the air, as in the Argand gas-lamp. In 
such case one half of the oxygen absorbed goes to form 
steam, by its union with the hydrogen; while the other 
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half forms carbonic acid, by its union with the carbon. 
Both constituents being thus supplied with their equivalent 
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volumes of the supporter, the process would here be com- 
plete — perfect combustion would ensue, and no smoke be 
formed ; the quantity of air employed being ten times the 
volume of the gas consumed. See Fig. 141, page 230. 

Again, suppose that but one half, or anj other quantity, 
less than the saturating equivalent of air were supplied. 
In such case, the hydrogen, whose affinity for oxygen is so 
superior to that of carbon, would seize on the greater part 
of this limited supply : while the carbon, losing its con* 
nection with the hydrogen, and not being supplied with 
oxygen, would assume its original black, solid, pulverulent 
state, and become true smoke. The quantity of smoke 
then would be in proportion to the deficiency of air 
supplied. 

But smoke may be caused by an excess as well as a deji- 
ciency in the supply of air. This will be understood when 
we consider that there are two conditions requisite to effect 
this chemical union with oxygen, namely, a certain degree 
of temperature in the gas, as well as a certain quantity of 
air; for, unless the due temperature be maintained, the 
combustible will not be in a state for chemical action. 

Now, let us see how the condition, as to temperature^ 
may be affected by the quantity of air being in excess. 
If the gas be injudiciously supplied with air, that is, by 
larger quantities or larger jets than their respective equi- 
valent number of atoms can immediately combine with^ as 
they come into contact, a cooling trff'ect is necessarily pro- 
duced instead of a generation of heat. The residt of this 
would be, that, although the quantity of air might be 
correct, the second condition, the required temperature, 
would be sacrificed or impaired, the union with the oxygen 
of the air would not take place, and smoke would be 
formed. 

Thus we perceive that the tnode in which the air is intro* 
duced exercises an important influence on the amount of 
union and combustion effected, the quantity of heat deve- 
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loped, or of smoke prodaced ; and, in ezamiuing the mode 
of administering the air, we shall discover the true cause of 
perfect or imperfect combustion, in the furnace, as we see 
in the lamp. This circumstance, then, as regards the 
manner in which air is introduced to the gas (like the in- 
troduction of gas to the air), demands especial notice, as 
the most important, although the most neglected, feature 
in the furnace, and in which practical engineers are least 
instructed by those who have undertaken the task of 
teaching them. 

We see, then, how palpablj erroneous is the idea, that 
smoke, once formed, can be consumed in the furnace in 
which it is generated, and how irreconcileable is such a result 
with the operations of nature. The formation of smoke, in 
fact, arises out of the failure of some of the processes pre- 
paratory to combustion, or the absence of some one of the 
conditions which are essential to that consummation from 
which light and heat are obtained. To expect, then, that 
smoke, which is the very result of a deficient supply of heat, 
or air, or both, can be consumed in the furnace in which 
such deficient supply has occurred, is a manifest absurdity, 
seeing that, if such heat and air had been supplied, this 
smoke would not have existed. 

Whence, then, it may be asked, does the visible black of 
the cloud proceed? Solely from the unconsumed portion 
of black carbon, insignificant though it may be in weight or 
volume. 

This carbon of the gas, being the sole black-colouring 
element of smoke, it is here necessary to examine the 
several phases and conditions of its existence and progress, 
before^ during^ and after^ it has been in the state of flame. 
Flame is not the combustion of the gas. Flame itself has 
to undergo a further process of combustion, being but a 
mass of carbon atoms, tHU uncotuumedf though at the tem- 
perature of incandescence and high luminosity. Flame ia 
then but one of the stages of the process of combustion. 
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Its existence marks tbe moment, as regards each atom, of 
its separation from, and the combustion of its accompanying 
hydrogen, by which #o intense a heat is produced as, in- 
stantaneously, to raise the solid carbon atom, then in 
contact, to that high temperature : thus preparing it the 
more rapidly to combine with oxygen so soon as it shall 
have obtained contact with the air, but not a moment 
sooner. 

Instead, however, of administering the air while the 
carbon is at this high temperature of 3,000^ (as we see in 
our ga§-bumers), our custom is first to allow.it, or even 
Jbrce it to cool down, by its contact with metallic tubes, to 
the state of soot ; and then to expect, by some mechanical 
apparatus, to restore it to the necessary temperature from 
which it had been so gratuitously reduced. 

But, it may be asked, why allow it to lose its already 
acquired high temperature ? Why create a necessity for 
the sake of overcoming it P It seems an act of mere 
stupidity to waste the high temperature the carbon had 
thus naturally acquired, by allowing the opportunity to 
pass before we administer the only thing needful — namely, 
the air. 

We bave seen how the carbon of the gas, in the absence 
of air and its oxygen, returns to its normal state of black 
solid atoms in the form of soot. It will here, then, be 
useful to illustrate the well-defined stages through which 
this carbon passes from its invisible state, as a constituent 
of the gas, to its visible state in smoke. In the following 
diagrams, representing its four stages, the carbon i&placed 
in the centre of each figure. 



First Stage — Invitihle and intanffibUf the carbon being then 
chemical union, and rarroonded by the two atoms of hydrogen 
forming carbnretted hydrogen gas. 

Second Stage — VisibUf tan^UfUf and raised by the heat produced 
on the oombostion of its accompanying hydrogen to the temperature 
of incandescence, which, by their number, giro the white luminous 
character to flame. 
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^.^ Third Stage — Invitihle and Mi^an^i6^ o/l^ its eomboBtion — 
/\jr^ having then entered into onion vith two atoms of oxygen^ and fonn- 
I s^ / ing inyisible carbonic acid (the oxygen being here represented as 
^^^^ surrounding it). • 

Fourth Stage — Visible and tangible^ in the state of lamp-black, 
^ or soot, having escaped combustion by not having had access to the 
^ air, before it was cooled below the temperature required for 
chemical action. 

Of the comparatively msignificant value of tbis carbon as 
one of the elements of the cloud of smoke, the annexed 
diagram will convej a sufficiently correct idea as to the 
relative number, weight, and bulk of each. 
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8 atoms of invisible niiro* 
gen from the 4 of air 
that supplied the oxygen 
both to the hydrogen 
and carbon of the gas. 



2 atoms of invisible steam 
from the combustion of 
the hydrogen of the 




1 atom of visible carbon 
uDconsumed, and be- 
coming the colouring 
matter of smoke. 



atoms of invisible car- 
bonio acid from the car- 
bon of solid coke on the 
bars of a furnace. 



8 atoms of invisible nitro- 
gen from the 4 of air 
that supplied the oxygen 
for the combustion of 
the coke of the coal. 

21 atoms. 
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Thus we see that out of the 21 atoms which are the con- 
stituents of anj given weight of smoke, the only combustible 
one, — the carbon, weighs but 6, — the incomlmstihle and 
invisible portion weighing 286. As to volume, we see, as 
above, the comparatively insignificant space it occupies, 
although it possesses the power of giving the black tint to 
the cloudy mass. These volumes are here supposed to be 
at atmospheric temperature. When, however, we consider 
that, with the exception of the carbon, which alone (being a 
solid) retains its original diminutive bulk, while ail the 
others, being gaseoi^, will be enlarged to double, possibly to 
treble their previous bulk, in proportion to their increased 
temperature, — we are amazed, not only at the comparative 
insignificance of the carbon, but at our own credulity in 
believing that this merely blackened cloud could be made 
available as a fuel, and a source of heat. 

Generally speaking, this black cloud is supposed to be an 
aggregate or mass of carbon, in the form of a sooty powder. 
This is, manifestly, an error, since that would assume that 
the three other products — nitrogen, carbonic acid, and 
steam — in their great volumes, had been neutralised, or 
otherwise disposed of. As, however, that is impossible, 
smoke must be taken as it is, — namely, a compound cloud of 
all these three gaseous bodies, together with the portion, 
more or less, of the solid, uncombined, visible free carbon, 
then in the fourth stage. Here, then, is a definition of 
smoke, which is susceptible of the most rigorous proof. 

We see the black cloud from a chimney extending for 
miles along the horizon, and hence conclude that the quan- 
tity of carbon must be considerable to produce such an 
effect. Nothing but strict chemical inquiry could have 
enabled us to correct this error. By it we ascertain that 
this black cloud is tinted, literally but tinted, by the atoms 
of carbon, and, which, though issuing in countless myriads, 
are comparatively insignificant in weight or volume, or in 
commercial value as a combustible. In truth, the eye is 
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deceived as to the mass bj the extraordinary colouring 
effect produced bj the minutenessy but great number, of its 
atoms of carbon. 

And now as to the relative quantitiea of the several con- 
stituents of smoke: Ist, of the invisible nitrogen. As 
atmospheric air contains but 20 per cent, of oxygen, the 
remaining 80 per cent, being the nitrogen^ passes away, 
invisible and uncombined. If, then, a ton of coal requires, 
absolutely, for its combustion the oxygen of 300,000 cubic 
feet of air, the 80 per cent., or 240,000 cubic feet of invisible 
and incombustible nitrogen, forms the first ingredient of 
this black cloud. 2nd, of the intinble carbonic acid. This 
portion of the cloud may be estimated as equal in volume to 
the 20 per cent, of oxygen which had effected the combus- 
tion of the carbon both of the gae and the coke of the coal. 
3rd, of the intnsible steam formed by the combustion of the 
hydrogen of the gas. In this will be found the great source 
of the prevailing misapprehension ; yet no facts in chemistry 
are more accurately defined than those which belong to the 
formation, weight, and volume of the constituents of steam. 

The following extract from a paper read before the Insti* 
tution of Civil Engineers, being from the report, already 
mentioned, by Professor Faraday to the Athenssum Club, is 
much to the point of this inquiry — ^particularly as regards 
the great volume of water resulting from the combustion of 
the coal gas : — 

"All BubsUnces used for the parposes of illamination may be repre- 
sented by oil and coal gas. Both contain carbon and hydrogen, and it is 
by the eomboBtion of these elements with the oxygen of the air that light 
is evoWed. The carbon prodaoes caHxmic acid, which is deleterious in its 
nature and oppresaiTC in its action in closed apartments. The hjfdrogen 
prodaoes wUer, A pound of oil contains about 0*12 of a pound of 
hydrogen, *78 of carbon, and *1 of oxygen. When burnti it produces 1 '06 
of watei*, and 2*86 of carbonic acid; and the oxygen it takes from the 
atmosphere is equal to that contained in 13*27 cubic feet of air. A pound 
of London gas contains on an arerage 0'3 of hydrogen, and 0*7 of carbon. 
It produces, when burnt, 2*07 of water, 2*56 of carbonic acid gas, oon- 



AISTD THE PBETEKTIOK 07 BHOKS. 237 

sQineB 4*26 caUo feet of oxygen equal to the qnantity contained in 19*8 
cnbical feet of air. A pint of oil, when burnt, produoes a pint and a 
quarter of water ; and a pound of gat, more than ttoo a/nd a halfpoHiMt 
of water — the increase of weight being due to the absorption of oxygen from 
the atmosphere — one part of hydrogen taking eight parts, by weight, of 
oxygen to form water. A London Argand gas lamp in a closed shop 
window will produce, in four howtf ivfo pintt and a half of wateTf to 
condense, or not, upon the glass or the goods, according to eircnmstances," 

To Bay, then, that above 900 lbs. weight of water (nearly 
half the weight of the ton of coal conBumed) pasBoa from 
the furnace, and hj the chimney, in the form of Mteam^ 
though produced by the 5i per cent, of hydrogen alone, 
which the coal contained, may appear exaggeration : never- 
thelesB, the fact is unquestionable, the details of which it is 
here unnecessary to repeat. Now, when we consider the 
enormous mass of steam that would be produced by the 
vapour of this nearly half a ton weight of water (indepen- 
dently of the nitrogen and carbonic acid), we can readily 
account for the magnitude of the cloudy vaporous column of 
the smoke. 

The next consideration is, as to the value of the carbon 
which produces the darkened colour of the smoke cloud. 
Now, the weight of this carbon, in a cubic foot of black 
smoke, is not equal to that of a single grain. Of the extra- 
ordinary light-absorbing property and colouring effect pro- 
duced by the inappreciable myriads of atoms of this finely- 
divided carbon, forming part of the cloud of the steam 
alone, some idea may be formed by artificially mixing some 
of it when in the deposited state of soot with water. For 
this purpose, collect it on a metallic plate held over a candle 
or gas-jet, and touching the flame. Let a single grain weight 
of this soot be gradually and intimately mixed on a pallet, 
as a painter would, with a pallet-knife : first, with a few drops 
of gum-water, enlarging the quantity until it amounts to a 
spoonful. On this mixture being poured into a glass globe 
containing a gallon of water, the whole mass, on being 
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stirred, will become opaque, and of the colour of ink. Here 
we have physical demonstration of the eztraordinarj 
colouring effect of the minutely diyided carbon— a ting^le 
grain weight being sufficient to give the dark colour to a 
gallon of water. Whatever then may be the quantity or 
number of its atoms, we see from the cloud of incombustible 
matter with which this carbon is so intimately associated. 
Of smoke, that even attempting its separation and collection, 
independently of its combustion, borders on absurdity. 

. It has already been mentioned that carbonaceous smoke 
*may always be distinguished from gas by the test of 
applying to it a sheet of paper. Whatever may be the 
colour of the vapour as it rises from the coal in the retort 
or on an open fire, while there ie sHll no flamOy the paper 
will not be soiled by carbon, simply because it is inaeeeenble 
being then in the first stage, as above shown, and in com* 
bination with the gaseous hydrogen. Whereas, in smoke, 
and after flame has been produced, the carbon, being then 
separated and cooled down from its state of flame, is 
encountered (as in the fourth stage) in the form of black 
atoms, and will be deposited on the paper. 

It may here be noted that the mere motion of the smoky 
cloud as it ascends in the air, has all the peculiarities of 
a body of discharged steam with its rolling, ascending, and 
diffusive character. Its long continuance in the suspended 
state in the atmosphere, is the reverse of what would be the 
case were it a mere mass of solid atoms of carbon* In calm 
weather we even see this black cloud ascending verticallj, 
and to a great height — a circumstance that is wholly incom- 
patible with its greater specific gravity, were its atoms 
unattached to some vaporous or more buoyant body. 

In truth, we cannot dissociate the ideas of the formation 
of the two atoms of steam (with their- inferior specific 
gravity), from the simultaneous separation of the carbon 
with its comparatively high specific gravity, — this carbon 
being, in volume, as disproportionate to that of the steam. 



AKB THE PBBYS5TI05 07 81C0KS. 289 

fts the cftr is to a balloon to which it is attached. As 
regards this disproportion in hulk^ we know that the 
volume of each atom of steam is 1,800 times greater than 
that of the atom of water from which it was formed. Here, 
alone, then, would be a ratio of 8,600 to one. When, also, 
we consider the temperature, and high pressure, and conse- 
quent enormous expansion of this steam, at the moment of 
its formation ; and passiug from the chimney (the atom of 
carbon, or solid, alone retaining its original diminutive 
bulk), we are enabled correctly to appreciate the relative 
volumes of the minute combustible carbon, and the ineonh' 
bustible steam. Were it possible to examine microscopically 
this smoke, it would be seen that each atom of the carbon 
was mechanically attracted by, and adhering to, two or more 
spherical atoms of steam, possibly multiplying by reflection 
its appearance and effect as from so many mirrors. We see 
that by virtue of this adhesion to the atoms of steam, it 
obtains its ascendiug power and buoyancy, as the car does 
from the balloon. 

Nevertheless, in contempt of chemical truth, and even 
common observation, we persevere in speaking of the com- 
bustion of the cloud of smoke. It surely would be as easy 
more rational, and more correct, to speak of its prevention. 
Had even these terms been properly understood, the 
absurdity of the late Metropolitan Act, for the '* com- 
bustion of the smoke of furnaces," would have been too 
obvious to have had the sanction of Parliament. 

In looking at the result of imperfect combustion of the 
carbon of the gas, and its conversion into the black element 
of soot, it may here be oberved that the mere waste of so 
much fuel is insignificant in mischievous agency in com- 
parison to the effect of its deposit in the form of the most 
powerful non-conductor of heat in the tubes and flues of 
the boiler, — thus effectively neutralising their value as 
heating surfaces. Those, therefore, who insist on asserting 
that smoke is a combustible* and may be burned, should be 
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prepared to show how this cloud of watery vapour and 
gaseous matter can be separated from its minute comple- 
ment of carbo]! : — for, until that separation is effected, it is 
as absurd to speak of the combustion of the ehud of wwhe^ 
as it would be of converting the air in the clo%kd of dtut^ 
which blows along our streets, to a profitable manure, for 
the mere sake of the particles of solid matter which it holds 
in suspension. 

Looking, then, at this doudj mass with reference to 
combustibility, we see that since the separation of the 
carbon from its accompanying cloud is practically im- 
possible, its combustion is equally so. 

Finally, we see that the cause of the formation of smoke 
is, the absence of the proper supply of air to the combustion 
of tbe gas (the only combustible that it contains), at tJie time 
when from its high temperature ofineandeeeenee it was best 
fitted to receive it. So long, then, as due consideration to 
the providing for the admission of this supply of air to the 
furnace at the proper time and in the proper quantity, be 
but little attended to ; and that our practical engineers 
regard the question as of secondary importance, or almost 
with neglect, we cannot expect any reformation of the 
system of furnace details* 



APPENDIX. 



BXTEACTS FROM THE SECOND EEPORT TO THE STEAM GOAL 
COLLIEEIEff ASSOCIATION, NEWCASTLE-UPON-TYNE. 

Gkntlbhek, — 

In submitting to you our further Report upon the question 
which you have referred to our decision, we have to observe, that it 
would have been easy for us to have selected and submitted to trial 
certain of the competitors' plans, and to have reported to you on their 
comparative merits at a much earlier period. But such a course 
would neither have done justice to you nor to the important question 
which we had to decide, inasmuch as one of the principal conditions 
established for the competition was, that the plans submitted should 
not diminish the evaporative power of the boiler. 

It was, therefore, our first object to ascertain this evaporative power 
as a standard of reference. 

The boiler built for these eiqieriments presented no peculiar features. 
The annexed dxuwing will show that it was the ordinary type of a 
marine multitubular boiler, such as is generally considered to present 
the greatest difficulty as regards the prevention of smoke. 

It contained two furnaces, each three feet wide, and 185 tubes 5^ 
feet long and three inches internal diameter, and had an aggregate 
heating surface of 749 square feet 

The heater, which was subsequently added, as mentioned in the 
ninth paragraph of our former Beport, was used for the purpose of 
heating the feed water. It in no way altered the condition of the 
boiler, except by reducing the temperature of the escaping gases, and 
thereby, to some extent, diminishing the draught and rendering the 
prevention of smoke somewhat more difficult, whilst, at the same time^ 
it slightly increased the evaporative effect by its additional absorbing 
surface. 

This increase was, however, much less than might have been 
expected from the large absorbing surface of the heater, which con- 
tckined 320 square feet ; yet it was found that, when the products of 

X 
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oombostion before entering tbe heater were at 600% the panage 
through it did not reduce the temperature more than about 40* to 50"*. 
The whole of the ezperimenta with the competitors' plans were 
made with the boiler after the heater was added, as also were those 
made preyiously for establishing the standard of reference. 

We have established as the standard the means of a series of experi- 
ments during which the firing was conducted according to the ordinary 
system, every care, howeyer, being taken to get the maximum of jrork 
out of the boiler by keeping the fire-grates clean and by frequent 
stoking. No air was admitted except through the fire-gmtes, and as a 
consequence much, and often a very dense smoke was evolved. 

As the economic effect of the fuel increases when the ratio of the 
fire-grate surface to the absorbing surfkce is diminished, we have 
adopted two sizes of fire-grates, and consequently two standards of 
reference. With the larger fire-grate the amount of work done by the 
boiler per hour is greatest, but this is done at a relative loss of 
economic value of the fuel as compared with the smaller grate. 

The one gives us the standard of maximum evaporative power of 
boiler^ — the other the standard of maximum economic effect of the 
fuel. 

The fire sur&ces used for fixing those standards were 28^ and 19^ 
square feet respectively. 

Each competitor was allowed to vary his fire-grate to meet these 
two standards, and in the tabolated forms hereinafter given, the 
rssults obtained are compared with the standards as well as with the 
maximum results which we have arrived at in our own experiments. 
With these prefatory remarks we now proceed with our Report. 
The total number of plans submitted to us was 103, which, upon 
examination, we found might be arranged in the following classes : — 
let Class. — Requiring no special apparatus, and depending upon 

the admission of eM air into the furnace or at the bridge. 
2nd Class. — Requiring no special apparatus, and depending upon 

admission of hot air into the furnace or at the bridge. 
Srd Class. — Requiring special adaptations of the furnace of more 
or less complexity, but yet applicable to the ordinary type of 
marine boiler. The most of this class admitting air above the 
fire-grate surface. 
4th Class. — ^Requiring self-aoUng or mechanical apparatus for 

supplying the fuel. 
5th Class. — The smoke burning systems, the principle of which is 
to pass the products of combustion through or over a maas of 
incandescent fuel. This class might be subdivided into two, in 
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one of whioh the gases pass downward through a part of the 
fire-grate tfito a close ash-pit^ and thence to the flame chamber 
or tubes, and in the other the gases, &a, from one furnace are 
passed into the ash-pit and upwards through the fire-gate of 
another furnace, and in which arrangement the process is alter- 
nated by a system of doors or dampers. 

6th Class. — Proposing the admission of steam mixed with the air 
into the furnace as a means both of preventing smoke and in- 
creasing the evaporative effect of the fuel. 

7th Class. — Such projects as are either impracticable or not appli- 
cable to the ordinary type of marine boilers, and consequently 
not in accordance with the established conditions. 
The following table shows the number of plans sent in, arranged in 
the above classes : — 

Ckssl 9 

„ 2 1« 

„ 8 16 

„ 4 « 

„ 6 • . 12 

,.6 1 

103 

After full consideration we selected the following plans for trial at 
your expense : — 

From Class 1. — Messrs. Hobson and Hopkinson, Huddersfield. 

Mn C. W. Williams, Liverpool. 

Mr. B. Stoney, Dublin. 
.From Class 3. — Mr. Robson, of South Shields. 

We did not feel ourselves justified in trying any of the other plans 
at your expense, bat in acquainting the remaining competitors with 
our dedaion, we stated that we were ready to submit their plans also 
for trial if they desired it, in conformity with the fifth paragraph of the 
original advertisement None of these partiss, however, availed them- 
selves of the opportunity thus given of testing their plans at their own 
expense. 

The standard of reference alluded to in the 14th and 15th paragraphs 
of the present Report are as foUows : — 
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BcoDomic value, or lbs. of water erapo- 
rated from 212* by 1 lb. of coal 

Bate of oombufltion, or lbs. of coal 
burned per hour per square foot of 
firegrate 

Bate of eraporation per square foot of 
fire-grate per hour in oubio feet of 
water from 60" 

Total evaporation per Hour in cubic feet 
of water from tfO" 



Fire Grate 28^ 
Square Fo«t. 



9*41 



21-15 



2*62 



74-80 



11-16 



19-00 



2-98 



79-12 



Fire Orate 10^ 
Square Feet. 



10-06 



21-00 



2*909 



56-01 



12-68 



17 25 



2-996 



6778 



The columns A contain the standards of reference alluded to, 
as above, whilst the columns B give the mean of the best results 
obtained by oar own experiments wken making no emohe. 

The first plan submitted for trial was that of Mr. Bobiion, of 
Shields, which we selected as a type of several of the plans comprised 
in Claas S, and as in our opinion the most likely of its kind to prove 
successful. The principle of this plan is to divide the furnace into 
two fire-grates, the one at the back being shorter than the other, and 
placed at a lower leveL This back grate is furnished with a regular 
door-frame and door, for the purpose of enabling the stoker to clean 
the bars and remove the cliuker when required. This door is also 
provided with an aperture fitted with a throttle valve, and in the 
inside a distributing box perforated with half-inch holes, after the 
manner practised by Mr. Wye Williams. The front grate is like the 
ordinary fire-grate, but without any bridge. The mode of proceeding 
is to throw all the fresh coal upon the front grate, and to keep the 
back or lower grate supplied with cinders, or partially coked coal, 
which is pushed on to it from time to time from the upper or front 
grate. No air is admitted at the door of the upper grate, but the 
gases arising from it meet with the current of fresh air admitted 
through the door of the lower grate, and in passing over the bright 
fixe upon it are to a greater or less degree consumed. 

With respect to absence of smoke, we have to report that this plaa 
is only partially successful. It diminishes the amount of smoke con- 
siderably, but it requires careful and minute attention from the 
stoker, otherwise a good deal of smoke at times appears, and par^ 
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tieularly when fresh fuel is pushed forward from the upper to the 
lower grate. 

Mr. Robeon'B fire-grate mirfaoe was 32^ square feet. 

As regards eoonomio value of fuel and work done, the following was 
the result : — 

Bconomio value of fuel • . . . 10*70 lbs. 

Bate of combustion 15*50 „ 

Bate of evaporation per square foot per hour 2*14 cubio feet. 

Total evaporation from 60* ditto . . 70*50 „ 

Comparing these residts with the standard, we get 





RobsoQ. 




More. 


LeoB. 


Area of fire ffrate t..... 


32*50 

10*70 

15*52 

2*H 

' 70-60 


28*50 
0-41 

2115 
2*62 

74*80 


Percent. 
14*03 

13-7 

• • • 

• • • 


Per Gent 

.•• 

... 
26-7 
18-4 

5*8 


Economic value of fuel 


Bate of oombnstioa 


Bate of evanoration 


Total evaporation 



From this it appears that though there was an increase of economic 
value of fuel to the extent of 13*7 per cent, there was a loss of work 
done by the boiler to the extent of 5*8 per cent, and this, although 
the fire-grate was greater by four square feet, or 14 per cent. 

This result may be traced to the nature of the apparatus. Owing to 
the large admission of air at the fire-door of the lower or back grate 
requisite to prevent smoke, the fuel on the front grate bums sluggishly, 
and henoe the lalling off in the rate of combustion and the work done. 

The heat in the back grate was very intense, but the generation of 
heat being thus thrown nearer to the tubes, the effect of the absorbing 
surfiioe above the front grate was greatly impaired. 

We think also that the very intense heat in the back grate would be 
more injurious to the boiler and the tubes than the more equally dis- 
tributed temperature which resultB from the ordinary description of 
fire-grate. 

Another objection to this system is the constant attention required 
from the stoker, to keep the fires in order, and the difficulty in 

X 2 
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remoying the clinker from the back grate, where it tends to form in 
considerable quantity. 

The next plan submitted to trial was that of Messrs. Hobson and 
Hopkinson, of Huddersfield. In this system air is admitted both at 
the doors and at the bridge. At the doors by means of vertical slits, 
which may be opened or shut at will by a sliding shutter, and at the 
bridge through apertures in hollow brick pillars placed immediately 
beUnd it. The entrance of the air to these pillars is regulated by 
throttle valves, worked by a lever in the ash-pit. There are also 
masses of brick-work placed in the flame-chamber, with the intention 
partly of deflecting the currents of gases, so as to ensure their mixture 
with the air, and partly to equalise the temperature. 

As regards prevention of smoke, we have to report that this plan was 
Tery efficient, though in hard firing it required considerable attention 
from the stoker. Whilst burning about 15 lbs. of coal per square foot 
of grate per hour, no amoke was visible, even with ordinary firing, but 
when the quantity was increased to 21 4 lbs. per square foot per hour, 
the fire required to be very carefully attended to, or smoke, though in 
no g^at quantity, began to appear. 

Messrs. Hobaon and Hopkinson's fire-grate surfiice was originally 274 
square feet, but this was subaequeotly reduced to 18| square feet. 

As regards economic effect and work done, the following were the 
results: — 





Fire Grate, 
27i 8q. Feet 


Fire Grate, 
18i 8q. Fe«t. 


Economic value of fuel 


lbs. 
11 08 

14-25 

Cubic Feet. 
2-18 

6003 


Iba. 
11-70 

21-50 

Cubic Feet. 
3*49 

63-62 


Rate of combustion 


Bate of evaporation per square foot per hour 
from 60® 


Total evaporation from 60* 





Comparing these results with the standards, we get — 
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LARGE FIRE ORATES 


« 






Hobaon and 
Hopkinion. 


Standard. 


More. 


Less. 


Area of fire-grate ... 
Economic ralue 


Feet 
27-5 

lbs. 
11 08 


Feet 
28-5 

lbs. 

9-45 


Percent 
17-1 


Per Coat 
3-7 

••• 


Bate of combustion. . 
Bate of eTaporation . 


14-25 
Cubic Feet. 
2-18 


21-15 
Cubio Feet. 
2-62 


••• 
••• 


82-7 
16-8 


Total evaporation ... 


60*08 


74-80 


••• 


19-8 




SMALL FIRE ORATES. 








HobeoQ and 
Hopldnaon. 


Standard. 


More. 


Less. 


Area of fire-grate ... 
Economic value 


Feet 

18-25 

lbs. 

11-70 


Feet 

19-25 

lbs. 

10-06 


Per Cent 

•.• 

16-8 


Percent 
5-2 

••* 


Bate of combustion. . 
Bate of evaporation . 


21-50 
Cabic Feet 
8-49 


21-00 
Cubic Feet 
2-909 


2-8 
19*9 


... 
■*• 


Total evap. from 60** 


68-62 


56-01 


18-5 


••• 



From these tables it appears that with the large fire-grate there was 
an increase of economic value of fuel, although less work was done ; 
whilst with the small grates there was a decided increase both of 
economic value and of work. Had ihe fires been harder pushed with 
the lai^e grate, we have no reason to doubt that, although the economic 
value would have been somewhat less^ the work done would have been 
Up to the standard. 

The only objection to this system is that the brickwork is liable to 
crack and get out of repair ; but we do not attach much importance to 
this, as we believe that the existence of this brickwork is of no con- 
sequence, and that the results obtained are due simply to the admission 
of air to the gases. 

The system is applicable to all the usual forms of boilers, the com- 
bustion is very good, and, with moderate firing, it does not much 
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depend upon the stoker, and we are therefore of opiqion that it oom* 
plies with all the prescribed oonditiona. 

The next plan tried was that of Mr. C. Wye Williams, of LiverpooL 

Mr. Williams' system, as is well known, oonsists in the admission of 
air at the furnace door, or at the bridge, or at both, by numenms small 
apertures, with the intention of diffasing it in streams and jets amongst 
the gases. In the plan adopted in the present instance, Mr. Williams 
introduces the air only at the front of the fumaoe» by means of cast 
iron casings, furnished on the outside with apertures provided with 
shutters, so as to vary the area at will, and perforated in the inside 
with a great number of half-inch holes. The mode of firing which Mr. 
Williams adopts merely oonsists in applying the fresh fuel alternately 
at opposite sides of the funuice> so as to leave one side bright whilst the 
other is black. 

The original fire-grate proposed by Mr. Williams was 22 square 
feet^ which was subsequently reduced to IS square feet. 

As regards economy of fuel and work done, the following were the 
results: — 



Eoooomic Tslue of fuel 
Bate of combustion — 

Bate of eyaporation 

Total STaporation 



Fire Qrate, 
22 Bq. Fbet 



lbs. 
10-84 

26-98 

Cubic Feet. 
4-04 

88-96 



FiroOnte, 
18 Sq. FeeL 



lbs. 
11-30 

27-86 

Cubic Feet. 
4*81 

76-92 



Comparing these results with the standards, we get — 



LARGE FIRE ORATE. 








Wiiliama. 


Standard. 


More. 


Less. 


Area of fire grate ... 
Boonomic value of fuel 


Feet 
22-0 

lbs. 
10-84 


Feet 
28-6 
lbs. 
9-45 


Per Cent. 

• •• 

11-6 


Per Gent 
24 

• • • 


Bate of combustion. . 
Bate of evaporation . 


26-98 
Cubic Feet. 
4-04 


21-16 
Cubic Feet. 
2-62 


27*4 
54-2 


• •• 


Total evaporation ... 


88-96 


74-80 


19 


• ■ • 
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SHALL FIRB ORATB. 


■ 


Williams. 


Stoudard. 


More. 


Leaa. 




Feet 


Feet 


Per Cent. 


Per Gent 


Area of fire grata ... 


18 00 
lbs. 


19-25 
lbs. 


... 


«-5 


Boonomio valne 


1130 


10-06 


12-8 


• •• 


Rate of oombnstioii . 


27-36 
Oabic Feet. 


21-00 
Oabic Feet. 


80-8 


• • • 


Bate of eTaporation . 


4-81 


2 909 


480 


• •• 


Total evapoxation ... 


76-92 


56-01 


87 8 


••• 



These results show a large increase above the standard in every respect. 

The prevention of smoke was, we may say, practically perfect, 
whether the fuel burned was 15 lbs. or 27 lbs. per square foot per hour. 
Indeed, in one experiment, we burned the extraordinary quantity of 
87i lbs. of coal per square foot per hour upon a grate of 15} square feet» 
giving a rate of evaporation of 5^ cubic feet of water per hour per 
square foot of fire grate, without producing smoke. 

No particular attention was required from the stoker, in fitct, in this 
respect ; the system leaves nothing to desire, and the actual labour is 
even leas than that of the ordinary mode of firing. 

Mr. Williams' system is applicable to all descriptiona of marine 
boilers, and its extreme simplicity is a great point in its favour. 

It fully complies with all the prescribed conditions. 

The next and last plan submitted to trial wss that of Mr. B. Stoney, 
of Dublin. 

In principle, so far as regards the prevention of smoke by the 
admission of air through the doors, and at the front of the furnace, this 
plan is identical with that of Mr. Williams'. Its peculiarity consists in' 
the adoption of a shelf outside the boiler, forming, in fistct, a continuation 
of the dead plate outwardsi Upon this shelf the fresh charge of coals 
is laid in a large heap, about half of the heap being within the furnace, 
and the rest outside. The door is a sliding frame, which shuts down 
upon the top of thii heap of coals, so that air is admitted through the 
body of the coals as well as through perforations in the front plate of 
the furnace. When the furnace requires fresh fuel, a portion of that 
forming the heap, and which, to some extent, has parted with its gaaes, 
is pushed forward and its place made up by fresh fuel laid on in front 

This plan did not succeed in preventing smoke, for whenever the 
ooal was pushed forward upon the fire, dense smoke was evolved. 

We regret that Mr. Stoney was not personally present to see the 
result, which we think would have entirely satisfied him that the 
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method he proposed did not oomply with thia important oondition. 
Under these circumstanoes, we did not proceed to detenxine the 
economic value of the fuel or work done by this system. 

In the following tables the results in each case are compared with the 
standards, and also with those of our own experiments when w^Httg 
no smoke. The former marked A and the latter B. 



LA.ROB FIRE GRATBS. 



Area of grate, square feet . 

Economic value of fuel or 
water evaporated from 
212' by lib. 

Bate of combustion per 
square foot of grate per 
hour 

Bate of evaporation per 
square foot of grate per 
hour from 60° 

Total evaporation in cubic 
feet per hour from 60**... 



A. 
Standard 



sq. feet. 
28i 

lbs. 
9*41 



21 16 

0. feet. 
2-62 

74-80 



B. 

Our ex- 

perimoxt 



sq. feet. 
28i 

lbs. 
11-15 



19-00 

c feet. 
2 93 

79-12 



Hobaon 



Bobiou. [and Hop- 
kinson. 



sq. feet. 
S2i 

lbs. 
10-27 



15-52 

c. feet. 
214 

69-52 



aq. feet. 
27i 

lbs. 
11-08 



14-25 

c feet. 
2-18 

60-03 



Williams. 



aq. feet. 
22 

lbs. 
10-84 



26-98 

c leet 
4-04 

88-96 



SMALL FIRE ORATE. 



A. 
Standard 



Area of Grate 

Economic value of fiiel or 
water evaporated from 
212' by lib. of coal ... 

Bate of combustion per 
square foot of grate per 
hour! 

Bate of evaporation i>er 
square foot of grate per 
hour 

Total evaporatioQ per hour 



sq. feet. 
19i 

lbs. 
10-06 



21-00 

c. feet. 
2*909 
56 01 



B. 
Our ex- 
periment 



sq. feet. 
19i 

lbs. 
12-58 



17-25 

c. feet. 

2-995 

57-78 



Robsoo. 



i 



CQ 



Hobeon 

and Hop- 

kiasou. 



sq. ft. 
184 

lbs. 
11-70 



21-50 

c. feet. 

8-49 

68-62 



WiBlama 



sq. ft. 
18 

lbs. 
11-30 



27-36 

c feet. 

4-31 

76-92 



With the above results before us, we are unanimously of opinion 
that Mr. Williams must be declared the suooessAil competitor, and we 
therefore award to him the premium of £600 which you offered by 
your advertisement of 10th May, 1855. 

It is true that in eoonomio value of fiiel the kiibuUUed results of Mr. 
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Willian»' trial are about 2 per cent inferior to tliose of Menrs. Hobeon 
and Hopkinson, but on the other hand the amount of work done is 
mnch greater. 

By Mr. Williams* plan the quantity of water evaporated with a 22 
feet grate, was 48 per cent, greater than with the 27 feet grate used in 
Messrs. Hobson and Hopkinson's case, and 20 per cent, more with an 
18 feet grate. 

We should also mention that, in an experiment not tabulated, Mr. 
Williams obtained an economic TaJue of 11*70, and a total eyaporation 
of 61*59 cubic feet^ with a 22 feet fire-grate, results which exceed those 
of Messrs. Hobson and Hopkinson's experiments, with 27i feet fire-grate, 
and equal in economic Talue of fiiel their results with 18 feet fire-grate. 
An important feature in Mr. Williams' system is that it may be sne- 
oessfully applied under very yaried circumstances. We have above 
given results obtained with fire-grates of 22 square feet and 18 square 
feet ; but in order to test the matter still further, we reduced the fire- 
grate to 15i square feet, with the following result : — 

Area of fire-grate 15) sq. feet. 

Economic value of fuel 10*66 lbs. 

Rate of combustion p^r square foot of grate 

per hour 37*4 lbs. 

Rate of evaporation per square foot of grate 

per hour • 5*61 c. feet. 

Total evaporation per hour . . . . 85*30 „ 
The results which we ourselves attained exceed, in economic value 
of fuel, all the results of the experiments made with the competitors' 
plans. This was chiefly the case with the small fire-grates, and was 
due in a great degree, if not altogether, to the smaller amount of fuel 
burned per square foot of grate per hour. 

The consequence of this was a more complete ahsorptum of the heat 
generated, so that the products of combustion escaped from the 
chimney at a temperature lower by about 200^ when we obtained our 
best economic results, than they did during the trials of the com- 
petitors' plans. It must be remembered that this increase in the 
economic value of the fuel is obtained at the expense of the work done, 
but it is highly satisfactory to find that (as ib shown in columns A and 
B of the last tables), the great incrtOMe in the economic value is alto 
accompanied with a decided increa$e in work done Mihen perfect eontbuttion 
ie (Uiained and tmoke prevented. 

Before concluding we might offer some further observations upon the 
results we have obtained, and on various interesting and important 
questions which have presented themselves during the course of our 
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inquiriee, but to do bo in a numner at all Hatis^ctory would be im- 
poaiible within the limits of a Report like the present. 

We must^ therefore, content ourselyes with pointing out three chief 
oonclusionB at which we have arrived, and which, we believe, will prove 
of great advantage as well to your interests as to those of all connected 
with steam navigation. 

lit, — That hy an easy method of firing^ eomhmed wiih a due admiuum 
of air in front of the furnace, and a proper arrangement of fire-grate^ the 
emiaeion of gmoke may be ^feetnaU/y prevented in ordinary murine multi- 
i^Aular hoUen vhUst unng the steam eoaU of the " Bartley District " of 
Northumberland, 

2nd. — That the prevention of smohe increases the economic valne of the 
fuel and the evaporative potoer of the boiler, 

^rd. — 7%at the coals from the Hartley District have an evaporative 
power fuUy equal to the best Welsh steam coalst and that practically, a$ 
regards steam navigation^ they are decidedly superior. 

This last condusion is contrary to the general opinion, which, baaed 
upon the Reports presented to Government by Sir H. de la Beohe and 
Dr. Lyon Playfair, is strongly in favour of Welsh coal. 

The effect of those Reports has been to do the Northumberland 
ooal-field an unmense injury, and we feel this so strongly that we beg 
to lay before you a few observations on the subject in a short supple- 
mentary Report accompanying this* 

We cannot conclude this Report without bringing to your notice the 
services of Mr. William Reed, to whom we entrusted the practical 
management of the long series of experiments which we deemed it 
right to make. 

To his intelligence and unwearied attention we are much indebted, 

and we can only add that we have every reason to congratulate our- 

selves and you upon having had the benefit of his valuable assistance 

throughout the whole of this long and important inquiry. 

We have the honour to be, Qentlemeuy 

Tour obedient Servants^ 

JAa A. LONQRIDGE, 

18, Abingdon Street, Westminster. 

W. O. ARHSTRONG. 

Newcastle-on-Tyne. 

THOMAS RICHARDSON, 

Newcastle-on-Tyne. 
NawcASTLB-OH-TrKs; lUh Jamuary, 1868. 
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1. CHEMISTBT. by Prof. Fownes, P.B.S.J including Agrioultural Che- 

mistry, for the use of Farmers. 4th edition U. 

2. HATUBAL PHILOSOPHT, by Charles Tomlinson. 3rd edition . . Is. 

3. GEOLOGY, by Col. Portiock, F.B.8., &c. 3rd edition . . Is. 6dL 
4, 6, MINEBALOGT, with Mr. Dana's additions, 2 yols. in 1. 2nd edition St. 
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6. MECHANICS, by Charlei Tomlinfion. 4th edition . . . . U. 

7. ELECTRICnT, hj Sir William Snow Harris, F.B.S. 3rd edition la. M. 

7». GALVANISM : ANIMAL AND VOLTAIC ELECTRICITY : Trea- 

tiae on the General Prinoiples of Galyanio Soienoe, by the same I«. 6d, 

8. 9, 10. MAGNETISM, Concise Exposition of, by the same, 3 Tola. . 3f . 6d. 

11, 11*. ELECTRIC TELEGRAPH, History of the, byS. Highton, C. B., 

doable Part 2f. 

12. PNEUMATICS, by Charles Tomlinson. 2nd edition . . . . I«. 

13, 14, 15. CIVIL ENGINEERING, by Henry Law, C.E., 3 Tola. ; and 

16* Supplement 4t. 6tf . 

16. ARC HITE CTURE (Orders of), by V. H. Leeds. 2nd edition . . Is- 

17. ARCHITECTURE (Styles of), by T, Bury, Architect. 2nd edition, 

with additional cuts Is. 6<^. 

18, 19. ARCHITECTURE (Prinoiples of Design in), by £. L. Gazhett, 

Architect, 2 toIs . 2«. 

20, 21. PERSPECTIVE, "by G. Pyne, Artist, 2 vols. 3rd edition . . 2». 

22. BUILDING, Art of, by £. Dobson, C.E. 2nd edition . . . . If. 

23, 24. BRICB-MAKING, TILE-M^VKING, &c., Art of, by the same, 2 

Tols. 2«. 

26, 26. MASONRY AND STONE-CUTTING, Art of, by the same, with 

illustrations 2», 

27, 28. PAINTING, Art of, or a GRAMMAR OF COLOURING, by George 

Field, 2yols. 2nd edition 2t, 

29. DRAINING DISTRICTS AND LANDS, Art of, by G. D. Dempeej, 

C.E. 2nd edition It, 

30. DRAINING AND SEWAGE OF TOWNS AND BUILDINGS, Art 

of, by the same. 2nd edition It. 6tf. 

31. WELL-SINKING AND BORING, Art of, by G. R. BumcU, C. E. 

2nd edition . . 1«. 

32. USE OF INSTRUMENTS, Art of tiie, by J. F. Heather, M. A. 3rd 

edition 1#. 

33. CONSTRUCTING CRANES, Art of, by J. Glynn, F.R.S., C.E. 2ad 

edition 1j. 

34. STEAM ENGINE, Treatise on the, by Dr. Lardner. 5th edition . l#. 

35. BLASTING ROCKS AND QUARRYING, AND ON STONE, Art o^ 

by Lieat.-Gen. Sir J. Buigoyne, G.C.B., R.E. 2nd edition • • U. 

36. 37, 38, 39. DICTIONARY OF TERMS used by Arohitects, Buildera, 

Engineers, Surveyors, Artists, Sfaip-builders, &c., 4 toIs. 2nd edition 4f . 

40. GLASS-STAINING, Art of, by Dr. M. A. Gessert . . . . Is. 

41. PAINTING ON GLASS, Essay on, by E. 0. Fromberg . . . 1«. 

42. COTTAGE BUILDIIfG, Treatise on. 2nd edition . . . . Is. 

43. TUBULAR AND GIRDER BRIDGES, and others, Treatise on, more 

particularly describing the Britannia and Conway Bridges . • Is. 

44. FOUNDATIONS, &c.. Treatise on, by E. Dobson, C.E. . . . 1#. 

45. UMES, CEMENTS, MORTARS, CONCRETE, MASTICS, Ac., 

Treatise on, by G. R. Bumell, C.E. 2nd edition ... .Is. 

46. CONSTRUCTING AND REPAIRING COMMON ROADS, Treatise 

onthe Artof, by H. Law, C.E. 2ad edition Is. 

47,48,49. CONSTRUCTION AND ILLUMINATION OF LIGHTHOUSES, 

Treatise on the, by Alan Stevenson, C.E., 3 vols Sis. 

50. LAW OF CONTRACTS FOR WORKS AND SERVICES, Treatise 

on the, by David Gibbons. 2nd edition .Is. 
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51, 62, 53. KAYAL ABCHIT£CTUB£, PrincipleB of the Soienoe, TreatiM 

on,bj J. Peake, l^.A., 3to1b 3t. 

53*. LATINQ OFF SHIPS, being an Introduotion to the Mould Loft of 

Ship-Bmlding, by James Peake 1«. 6if. 

63»». THE LAEGI OUTLINE ILLUSTEATIOKS OF DITTO . . 1*. 

54. MASTmO, MAST-MAEINa, ANB KIGGINa OF SHIPS, TreatLw 

on, by R. Kipping, N.A. 1#. W. 

54». lEON SHIP BULLDINO, by J. Grantham, C.E 2t,6d. 

55, 66. NAYIQATIOK, Treatise on: THE SAILOR'S SEA-BOOK.— 
How to keep the Log and work it off— Latitude and Longltud^^ 
Great Cirole Sailing— Law of Storms and Variable Winds ; and an 
explanation of Terma used, with coloured illustntions of Flags, 
2to18. 2nd edition 2», 

^, 58. WARMING AND VENTILATION, Treatise on the Principles of 

the.Art of, by Charles Tomlineon, 2 yols 2t. 

69. STEAM BOILERS, Treatise on, by R. Armstrong, C. E. . . . 1«. 

60, 61. LAND AND ENGINEERING SURVEYING, Treatise on, by T. 

Baker, C.E., 2 vols 2#. 

62. RAILWAY DETAILS, Introductory Sketches of, by Sir M. Stephenson, 

62*. RAILWAY WORKING IN GREAT BRITAIN.* Rudimentary 
Treatise on ; numerous Statistical DetaUs, Table of Capital and Divi- 
dends, form of Revenue Account, Railway Clearing-house, &c., &o. ; 
by £. D. Chattaway, VoL n U, 

63, 64, 65. AGRICULTURAL BUILDINGS, Treatise on the Construction 

of, on Motive Power, and the Machinery of the Steading; and on 
Agricultural Machinery ; by G. H. Andrews, 3 vols. . • . . 3«. 

66. CLAY LANDS & LOAMY SOILS, Treatise on, byProf.DonaldBon, A.S. It. 

67, 68. CLOCK AND WATCH-MAKING, AND ON CHURCH CLOCKS, 

Treatise on, by £. B. Denison, M.A., 2 vols 2#. 

69, 70. MUSIC, Practical Treatise on, by C. C. Spencer, 2 vols. 2nd edit. 2s. 

71. PIANO-FORTE, Instruction for Playing the, by the same. . . It. 

72, 73, 74, 75. RECENT FOSSIL SHELLS, Treatise (A Manual of tiie 

MoUusca) on, by Samuel P. Woodward, and illustrations, 4 vols. . 4«. 

75*. RECENT AND FOSSIL SHELLS, Treatise on, by S. P. Woodwaid, 

Supplementary Volume, with Plates It.Gd, 

76, 77. DESCRIPTIVE GEOMETRY, Treatise on, by J. F. Heather, 

M.A., 2voli 29. 

77*. ECONOMY OF FUEL, Treatise on, and on Reverberatory Furnaces for 

the Manufacture of Iron and Steam Boilers, by T. S. Prideaux, Esq. It. 

78, 79. STEAM AS APPLIED TO GENERAL PURPOSES AND LOCO- 
MOTIVE ENGINES, Treatise on, by J. Sewell, C. E., 2 vols. . 2t. 

78*. LOCOMOTIVE ENGINE, Treatise on, by G. D. Dempsey, C.E. U. 6d. 

79*. ATLAS OF PLATES to the above, consisting of existing Examples of 

Engine8fortheBroadandNarrowGauge,theLink Motion, &c.,in4to. ii.6d, 

79*». RUDIMENTARY WORK ON PHOTOGRAPHY, tiie Art of Pro- 
ducing Photographic Pictures on any material and in any colour : 
and also Tables of the Composition and Properties of the Chemical 

Substances ; by Dr. H. Halleur, of Berlin 1*. 

80 81. MARINE ENGINES, AND ON THE SCREW, &c.. Treatise on, 

' by R. Murray, C. E., 2 vols. 3rd edition . . . .28.64. 
80* 81*. EMBANKING LANDS FROM THE SEA, The Practice of; 

' by John Wiggins, F.G.S., 2 vols 2t. 

82 82*. POWER OF WATER, AS APPLIED TO FLOUR MILLS, 
' &c., Treatise on the, by Joseph Glynn, F.R.8., C.E. ... 2*. 



R. WEALE'S 

HEW SERIES OF EDUCATIONAL WORKS. 



L, n. 
OONSTTTUTIONAL HISTOEY OF ENGLAND. 2 VoU. By 

W. D. Hamiltov. Si; 

m., XT. 

CONSTITUTIONAL HISTORY OP ENGLAND DOWN TO 

VIOTORIA. By W. D. Hamxltoh. 2«. 

T. 

OUTLINES OF THE HISTORY OF GREECE. By R Imvixs, 

ILA. ¥oLL U 

▼I. 

OUTLINES OF THE HISTORY OF GREECE, VOL. H 

TO ITS BBOOMmO A ROICAN PROVINCE. By B. Lsriw, ICA. Ul «d. 

vn. 

OXTTLINE HISTORY OF ROME. By E. Levibn, ^ a. YoL I 
u 

vm. 
OUTLINE HISTORY OF ROME, VOL. IL, TO THE 

DXCLINB. By E. LiTmr. It, 9d, 

iz., z. 

A CHRONOLOGY OF CIVIL AND ECCLESIASTICAL 

HISTORY, LITERATURE. ART, AND CIYILIBATION, FROM THE 
BARLI28T PERIOD TO 1866. 2 Vol«. U. M. 



GRAMMAR OF THE ENGLISH LANGUAGE, FOR USE 

IN SCHOOLS AND FOB PRIVATE INSTRUCTION. By Htdi Olamxm, 
D.O.L. U 

xn., XIII. 

DICTIONARY OF THE ENGLISH LANGUAGE. A New 

and Comprened Dictionary of the EogUsh Tonffue. as Spoken and Written, in- 
dnding above 100,000 Words, or 60,000 more tnon in any Existtng Work, and 
Inoluduig 10,000 Additional Meanings of Old Words. By Htdb (Xammm^ D.CL. 
SVoLkinL 8«. Od. 

xpr. 

GRAMMAR OF THE GREEK LANGUAGE. By H. C 

Hamiltov. U. 

X'', XVI. 

DICrnONARY OF THE rREEK AND ENGLISH LAN- 

GUAQB. By H. R. HAViLTOft. 2 Yola. in 1. 2$, 

xrtL, xvni. 

DICTIONARY OF THE ENGLISH AND GREEK LAN- 

GUA0B8. By H. & Hamiltov. 2 Vols, in L Sf. 

xir. 

ORA3fMAR OF THE LATIN LANGUAGE. By T. Goodwin, 

of Greenwich. It. 

XX., XXI. 

DICTIONARY OF THE LATIN AND ENGLISH LAN- 

0UAGB8, by T. Oooownr of Greenwich. VoL I. 2«. 



NEW SERIES OF EDUCATIONAL WORKS. f) 



XXII., XXIII. 

DICTIONARY OF THE ENGLISH AND LATIN LAN- 
GUAGES. By T. GooDWiH of Greenwich. VoL IL Is. 6d, 

XXIT. 

GRAMMAR OF THE FRENCH LANGUAGE. By Dr. Strauss, 

late Lecturer at Besan^n. Is. 

XXT. 

DICTIONARY OF THE FRENCH AND ENGLISH LAN- 
GUAGES. By A. ELWC8. VoL I. Is. 

xxvi. 

DICTIONARY OF THE ENGLISH AND FRENCH LAN- 
GUAGES. By A. Elves. ¥oL IL U 6d. 

XXTII. 

GRAMMAR OF THE ITALIAN LANGUAGE. By A. Elwes. 1*. 

xxTin., xxtx. 
DICTIONARY OF THE ITALIAN, ENGLISH, AND FRENCH 

LANGUAGES. By A. Elwss. Vol. I. 2«. 

XXX., XXXI. 

DICTIONARY OF THE ENGLISH, ITALIAN, AND FRENCH 

LANGUAGES. By A. Elwes. Vol. II. 2s. 

xxxn., XXXIII. 

DICTIONARY OF THE FRENCH, ITALIAN, AND ENGLISH 

LANGUAGES. By A. Blwks. VoL III. 2s. 

xxxir. 

GRAMMAR OF THE SPANISH LANGUAGR By A. 

Elwss. Is. 

xxxy., xxxvl 

DICTIONAJRY OF THE SPANISH AND ENGLISH LAN- 
GUAGES. By A. Elwss. VoL 1. 2s. 

xxxvn., xxxYnx. 

DICTIONARY OF THE ENGLISH AND SPANISH LAN- 
GUAGES. By A. Elwes. VoL II. 2s. 

XXXIX. 

GRAMMAR OF THE GERMAN LANGUAGE, By Dr. 

Strauss. Is, 

XL. 

CLASSICAL GERMAN READER, FROM THE BEST 

AUTHORS. U. 

xu., xui., xLm. 

DICTIONARIES OF THE ENGLISH, GERMAN, AND 

FRENCH LANGUAGES. By N: E. HAMILTON. 8 Vols. S«. 

XLIY., XLV. 

DICTIONARY OF THE HEBREW AND ENGLISH, AND 

ENGUSH AND HEBREW LANGUAGES, CoNTAiimro all TBI Bibuoal amd 
Rabbikicai. Woaos. 8 Vols, (together with the Grammar which may b« had 
•eparatoly for 1«.) By Db. Brbsslav, Hebrew Professor, 10#, 



10 EDUCATIONAL WORKS. 



THE 

SERIES OF EDUCATIONAL WORKS 

A££ ON SALE IN TWO SIINDS OF BINDING. 



HA1III^K>N*8 OutUnas of the Hiatory of England. 4 yoIb. in 1, boimd in cIoUi . U. 
— — — — Ditto, in half morocoo, gilt> marbled edges • . • . 6«. M. 

IiEVIEN'8 Hifltoiy of Greeoe, 2 vols, in 1, bound in doth . . . St. 6ci. 

-^— ^ Ditto, in half morocco, gilt, marbled edges 4*. 

• History of Rome, 2 yols. in 1, bound in cloth . . . . 8*. 6d. 

■■ Ditto, in half morocco, gilt, marbled edges 4«. 

OHBONOLOOY of Civil and Eocleaiastioal History, literature, Art, to., 8 vols. 

in 1, bound in doth [Sc 6d. 

-— — — ^ Ditto, in half morocco, gilt, marbled edges 4c 

OLARKB'S Dictionary of the English Language, bound in doth . 4t. 6(L 

— ^— -— in half morocoo, gUt, marbled edges . St. 

■ bound with Dr. darke's English Grammar, in doth . 5s. 6d. 
Ditto, in half morocco, gflt, marbled edges 6*. 

HAMILTON'S Greek and English and English and Greek Dictionaxy, 4 vols, in 1, 
bound in doth fit. 

•— — ~— — Dittos in half morocco, gilt, marbled edges . . • .0*. (kt. 

— — Ditto, with the Greek Grammar, bound in doth 6*. 

— — — — Ditto, with Ditto, in half morocco, gUt» marbled edges . . 6t. Gd. 

GOODWIN'S Latin and English and English and Latin Dlctionaxy, 2 vols, in 1, 
bound in cloth 4i.(UL 

Ditto, in half morocco, gilt> marbled edges fit. 

— ^ Ditto, with the Latin Grammar, bound in doth . . , 6i.6d, 
— ^— ^— Ditto^ with Ditto, in half m<nt)cco, gilt, marbled edges . . . . 6t. 
ELWES*S French and English and English and French Dictionary, 2 vols, in 1, 
in doth 8t.6«L 

• Ditto, in half morocco, gilt^ marbled edges 4t. 

Ditto, with the French Grammar, bound in doth . . . . 4s. (M. 

Ditto, with ditto, in half morocco, gilt, marbled edges .... fie 

FBENCH and English Phrase Book, or Vocabularv of all Conversational Words, 
elaborately set forth for Travelling Use, as a Self-Interpreter, bound . . It. fid. 

ELWES'B ItaUan, English, and French,— English, Italian, and iVench,— Fkench, 
Italian, and Engiish Dictionary, 8 vols, in 1, bound in doth . . . 7t. Od. 

Ditto, in half morocco, gilt, marbled edges 8t.*6d. 

Ditto, with^he Grammar, bound in embossed doth, marbled edges St. fid. 

— — >- Ditto, with Ditto, in half morocco, gilt, marbled edges . . . .94. 

ELWES*S Spanish and English and English and Spanish Dictionary. 4 vols, in 1, 
bound iu cloth 5s. 

Ditto, in half mMOccOk gilt, marbled edges fit. 6d. 

Ditto, vrith the Grammar, bound in doth 6*. 

■ Ditto, with Ditto, in half morocco, gilt, marbled edges . . fit. fid 

HAMILTON'S English, German, and French,— German, French, and English, — 
French, Gennan, and English Dictionary, 8 vols, in 1, bound in doth . . . 4t. 

— — Ditto, in half morocco, gilt, marbled edges 4t. 6c2. 

Ditto, with the Grammar, bound in embossed doth, marbled edges . fit. 

Ditto, with Ditto, in half morocco, gilty marbled edges . . .1^ 6iL 

BBESLAU'S Hebrew and English DicUonary, vrith the Grammar, S vols, in 1, 
bound in doth 8«. fid. 

— ■ Ditto, 2 vols, in 1,* in half morocco, 9s. fid.^With Tol. 8, English and 

Hebrew , . 12t. fid. 



JVotr Ml (he eotirte ofPMieation^ 

GREEK AND LATIN CLASSICS. 



PBIOB ONE SHUIiIKO PEB YOLUlfE, 

Bzoept in Some InflbmoM) and tboM are at 1«. Sd. or Si. wdb 

▼BT niiTLT vmniTXD ov aooo PAran. 

A SERIES OF VOLUMES 

OOSTAXXIVO Ta> 

PRINCIPAL GREEK AND LATIN AUTHORS, 

AOOaHtPAJKIKD WT 

BXPLANATOBY NOTES IN ENGLISH, FRINCIFALLT SELBCTBD FBOM 
THB BBST AND MOST BBGENT GSBMAN COMHSNTATOBS, 

▲SD oOMPBiaiiro 

AM those Works that are sssantia] for the Scholar and the Pupil, sad 
mpplicable for use at the IJniTersities of Oxford, Cambridge, Edinburghy 
Glasgow, Aberdeen, and Dublin, — ^the Colleges at Belfast, Cork, Qalway, 
Winchester, and Eton, and the great Schools at Harrow, Rugby, &a, — 
also for Private Tuition and Instruction, and for the Library. 

Vols. 1, 2, 3, 4, 5, 6, 7, 8, 9, 16, 17 of tiie Latm Series have appeared. 

Of the Qreek Series, toIs. 1, 2, 8, 4, 5, 6, 9, 18, 41 also have been 

published, and will be regularly continued. 



LATIN SERIES. 

1. A New LATIN DELECTUS, or Xhtsodcctobt CLAsnoAL Rsadbr, oonelwf.ing of 
Extracts from the beet Authon, eyatematically eiranged : aooompaaied by 
Qrammatlcal and Explanatoiy Notes and C!opiouB Yocabiuariee. 

t. CiESAR'S COMMENTARIES ON THE GALLIC WAR: with Grammatieai 
and Explanatory Notee in Bnglieh, and a complete Qeograpbical Index. 

\ CORNELIUS NEPOS ; with English Notee. Ac 

4. YIROIL. Thx QxoBaica, Buooucs, axd doubttul Wobks ; with EngUah Nots^ 
chiefly from the German. 

VIRGIL'S iCNEID (on the eame plan as the preceding). 

^. HORACE. Ones aud Efodbb ; with English Notes, an Analysis of each Ode^ 
and a tuil explanation of the metres. 

T. HORACE. Satolb avd EnsTLSB^ with English Notes, Ac 

5. 8ALLUST. CoNSPaucT or CATXUxn^ ahd JuouBTHiini WiJL 
9. TERENCE. Amdbia Ajn> HKAuroNnMoauMBfos. 

10. TERENCE. Fhobmio^ Adst.phi, ajxo Hsctra. 

11. CICERO. ORAnoHs: AQAnrar Catildts, roR Bulla, raft abcblu^ avd fob 

TOs Mahiuam Law. 



6 



12 



GREEK AND LATIN CLASSICS. 



11 CICERO. FiRBT AND SsooiTD PfliLipnGS ; Oratiohi fob Milo^ won 

JkXD FOB LlOARIUS. 

11 CICBRO. Di OwFicua. 

1^ CICBBO. Dz AMiciTxl, oi S mbc t u t b , axd BBUTuik 

IfiL JUVENAL AND PERSIUS. 

16. LIYT. Book* I. to V., in 2 parta. 

ir. UVT. Books XXI. and XXII. 

18. TACmrS. AoBiooLA ; Okbxavia ; and Axikalb, Book L 

10. BELBCrriONB FROM TIBULLUS, OVID, PR0PERTIU8, AND LUOBSTIUa 

SO. SELECTIONS FROM SUETONIUS, AND THE LATER LATIN WBIIHRa 



GREEK SERIES. 



s. 

8. 

4. 

A. 

«L 

T. 

8. 

9. 
10. 
11. 

u. 

18. 

14. 
U. 
11 

IT. 

11 
19. 
80. 
fL 



INTRODUCTORY ORBEK 
READER. On the nmo plan as 
the Latin Reader. 

XENOPHON. Ajtababis. L, IL, IIL 

XBNOPHON. Akababib, IV., V, 

VL, VII. 
LUCIAN. SiLiCT DxALoauu. 
HOMER. IUAX>, L to VL 
HOMER lUAO, VII. to XIL 

HOMER. iLLiD, xni. to xvin. 

HOMER. luAD, XIX. to XXIV. 

HOMER. OoYBscr, I. to VI. 

HOMER. OoTBSKT, VIL to XII. 

HOMER. OoTsssT, XUL to XVIII. 

HOMER ODT8BST,XIX.toXXrV.; 

AXDHmira. 

PLATO. Apoloot, Cbro, axd 



HERODOTUS, I., IL 
HERODOTUS, IIL, IV. 
HERODOTUS, V., VI., and part of 

vn. 

HERODOTUS. Remainder of VIL, 
VIIL, and IX. 

SOPHOCLES. GfiDiPUs Ru. 

SOPHOCLES. CEdipub Goloveub. 

SOPHOCLES. AKnaoxB. 

SOPHOCLES. Ajax. 

SOPHOCLES. Phix^ootrbb. 



23. 
24. 
25. 

26. 
2T. 
28. 

29. 

30. 
81. 
32. 

33. 
34. 
35. 
S«. 
87. 
38. 
89. 
40. 

4L 
42. 
43. 
44. 
45. 
48. 



HlPFOLTTUS. 



EURIPIDES. Hbouba. 

EURIPIDE& 

EURIPIDES. 

EURIPIDES. 

EURIPIDE& 

EURIPIDES. BzXBAlOn FBOK TBB 

RsHAJKuro Platb. 
SOPHOCLES. EzTBAon vbok tbb 

REMAnriNO PULYB. 

J5SCHYLUS. PaoMBnDRTaVzvoTUBL 
SBFnoc otnrnu. Tub* 



ChoIpboba 

EUMKBIDBB. 

AOAXBiaroB. 
sufpuobb. 
Sklbot Lifb. 
Oloudb. 



iBSCHYLUa 
.fiSCHTLUS. 

BAB. 

-fiSCHTLUS. 

^SCHTLUS. 

-ESCHTLUS. 

iESCHTLUS. 

PLUTARCH. 

ARISTOPHANES. 

ARISTOPHANES. 

ARISTOPHANES. Bblbciiobb 
TBB RBBAnfnra Combdibb. 

THUC7DIDES, L 

THUCTDIDE8, IL 

THEOCRITUa Sblmt Istia 

PINDAR 

ISOCRATES. 

HE8I0D. 



Preparing for Pvblication, 

ORATORY AND PUBLIC SPEAKING. 

A VIRST BOOK for Youths of Ten Years of Affe, of well aeleeted ReadingB, and for 

PtaeUoe in Oratoty and the inculcation of Elocution ; adapted for Redtatfnna and 

Gesture, and the improTement of Voice and Pronuudatioti. To be osed In B^^ffnie 

and for Home InstructioD. 
SBOOND BOOK for Youth of Fifteen Years of Age and upwards. Beadlon, 

fihpeaking. Pronunciation, and Elocution, for Public and Private Sdiools^ and For 

Home Practice. 
THIRD BOOK for Young Men, for Public Speaking, LegislatiT^ Lsgal, *&, RaeiU- 

tions in Schools and Colleges, selected ttom the best Greek, Latin, and Bnrilah 

Anthars. 



In one Volume large 8ro., with 13 Plates^ Price One Chiinm, 

in hUf-morocco bindings 



MATHEMATICS 



FOR 



PRACTICAL MEN: 



BEIMO 



A COMMON-PLACE BOOK 



OP 



PURE AND MIXED MATHEMATICS, 



DESIQNBD OBIEFLT VOR THB USX OF 



CIVIL ENGINEERS, ARCHITECTS, AND SURVEYORS. 



BY OLINTHUS GREGORY, LL.D., F.R.A.S. 



THIRD EDITION, REVISED AND ENLARGED. * 
BY HENRY LAW, 



aYIL SVOIKKXR. 



MATHEMATICS FOB PBACTIOAL MSK 



CONTENTS. 



PART I.— PURE MATHEMATICS. 



OHAPTB& L— AmisHiURia 



8. 
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5. Smbtnction of Whole Numben. 
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ff. Difiiion of Whole Numben. — Proof of 
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& ^nlgar Fractions.— Seduction of Ynl- 
ftf Fractions. — ^Addition and Sub- 
traction of Vulgar Fractions. — ^Mul- 
tiplication and DiTision of Vulgar 
Fractions. 

7. Dadmal Fractions. — Beduction of 
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■nd DiTision of Decimals. 
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51. luToltttion. ^ 

6. BTolution. 

7. Snrds. — Beduction. — Addition, Sub- 
. traction, and Multiplication. -~ Di- 
Tision, Involution, and BTolution. 

8. Simple Bquations. — Bxtermination. — 

Solution ^ Oenenl Problems. 
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10. Bquations in QeneraL 

11. Pregrssiion. — Arithmetical Pragiw 

sion. — Geometrical PrMresiioii. 

12. Fractional and Negatjie Ixponents. 
18. Logarithms. 
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1. Definitions. 
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Bectangles. 
8. Of Triangles. 

4. Of Quadnlaterds and Polygons. 

5. Of ^e Circle, and Inscribed and Clfr 

auBseribed Figures. 

6. Of Planes and Solids. 

7. Practical Qeometry. 
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CHAPTEB IV.— MnmTKATioir. 

Weights and Measures. — 1. Meamres 
of Length. — ^2. Measures of Snrfiue. 
— 8. Measures of Solidity and Ca- 
pacity. — 4. Measures of Weight. — 
5. Angular Measure. — 6. Measure of 
Time. — Comparison of Bnglish and 
French Weights and Measures. 

Mensuration of Superficies. 

Mensuration of SoUds. 
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1. Definitions and Trigonometrical 

mvise. 

2. Trigonometrical Tables. 

3. General Propositions. 

4. Solution of the Cases of Plane Trian- 

gles. — Bightangled Plane Triangles. 

5. On the application of Trigonometry 

to Measuring Heights and Distances. 
— Determination of Heights and 
Distances by Approsdmate Mechaai 
cal Methods. 
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1. Definitioni. 

2. froDotiM of the EUipie.— Probkou 

nutting to the ElUpie. 
S. Fropcrtiee of the HyperboliL — Pro- 

UeBM relating to the Hypefbola. 
4. Pronertiet of the Parabola. — ^Problemi 

rclatiDg to the Paiahok. 



OHAPTS& YII.— PBormm oi 
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1. I>efinitioni. 

2. The Conchoid. 
8. The CiMoid. 

4. The Cycloid and Epicycloid. 

5. The Qoadratriz. 

e. The Catenary.— TaUoi of BdatioD 
of Catenarian Cnrrei. 
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OHAPTBB I.— MxoHAXioB is Gubul. 

CHAPTBB IL— SzATiOB. 

1. Staticft] Bqnilibriimi. 

2. Center of Grarity. 

8. General application of the Prindplee 
of Statics to the Eq;aiUbriani of 
Btmcinrei. — Bqailibxium of Pien 
or Abutments. — Pressure of Barth 
against Walls.— Thickness of Walls. 
— Eqailibriom of Polygons. — Sta- 
bility of Arches. — Eqnilibiiiun of 
Suspension Bridges. 

CHAPTBB IIL-Dtnaxios. 

1. General Definitions. 

2. On the General Laws of Uniform and 

Yariable Motion. — Motion uniformly 
Accelerated. — Motion of Bodies un- 
der the Action of Giarity. — Motion 
oyer a fixed Pulley. — Motion on 
Inclined Planes. 
8. Motions about a fixed Center^ or Axis. 
— Centers of Oscillation and Per- 
cnsHon. — Simple and Compound 
Pendulums. — Center of Gyration, 
and the Principles of Botation. — 
Central Foroea. — Inqwries connected 
with Botation and Central Porcei. 

4. Percussion or Collision of Bodies in 

Motion. 

5. On the Mechanical Powers. — Levers. 

—Wheel and Axle.— Pulley.—In- 
•Uned Plane. — Wedge and Screw. 



CHAPTBB lY.— HTDaomATiCB. 

1. General Definitions. 

2. Pressure and Equilibrium of Non- 

elastic Fluids. 
S. Floating Bodies. 

4. Specific Grayities. 

5. On Capillary Attraction. 

CHAPTBB Y.— Htdbodtvaicics. 

1. Motion and Effluence of Liquids. 

2. Motion of Water in Conduit Pipes 

and Open Canals, oTer Weirs, fte.— 
Yelocities of Birers. 
8. Contritances to Measure the Yelodty 
of Banning Waters. 

CHAPTBB YI.— Pmumamob. 

1. Weight and Equilibrium of Air and 

Elastic Fluids. 

2. Machines for Baising Water by the 

Pressure of the Atmosphere. 
8. Force of the Wind. 

CHAPTBB YIL— MxoHAnoAL Aazbtts. 

1. Water as a Mechanical Agent 

2. Air as a Mechanical Agent — Cou- 

lomb's Bxperiments. 
8. Mechanical Agents depending upon 
Heat The Steam Engine.- Table 
of Pressure and Temperature of 
Steam. — General Description of the 
Mode of Action of the Steam Engine. 
— Theory of the Steam Engine. — 
Description of the variona kinds of 
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Engines, and the Fonnala for calca< 
latbg their Power. — Pnctical appli- 
cation of the foregoing Formalae. 
4. Animal Strength as a MechanicalAgent 



OHAPTBR VIII.— Strihqth 
Matssialb. 



OF 



1. Uesttlts of Experiments, and Principles 

upon which the j should be practical! j 
applied. 

2. Strength of Materials to Besist Tensile 

and Crushing Strains. — Strength of 
Columns. 



Sbot. 
8. Elasticity and Elongation of Bodies 
subjected to a Grnihing or T«iaile 
Stnun. 

4. On the Strength of Materials subjeeta 

to a Transrerse Strain. — Longi 
tudinal form of Beam of uniform 
Strength. — TransTerse Strength of 
other Materials than Cast Iroiur— 
The Strength of Beams according to 
the manner in which the Load is 
distributed. 

5. Slasticitjr of Bodies subjected t* a 

Tzansverse Strain. 

6. Strength of Materials to reiiat TexmoB. 



APPENDIX 

I. Table of Logarithmic Differences. 
II. Table of Logarithms of Numbers, from 1 to 100. 

III. Table of Logarithms of Numbers, from 100 to 10,000. 

IV. Table of Logarithmic Sines, Tangents, Secants, &c 

V. Table of Useful Factors, extending to serenl pkces of Decimals. 
VI. Table of various Useful Numbers, with their L(^arithms. 
VII. A Table of the Diameters, Areas, and Circumferences of Ciidef and also the 
sides of Equal Squares. 
VIII. Table of the Belations of the Arc, Abscissa, Ordinate and Subnormal, in the 
Catenary. 
IX. Tables of the Lensths and Vibrations of Fendulnnu. 
X. Table of Specific Qrarities. 

ZI. Table of Weight of Materials frequently employed in Conitmetion. 
ZII. Principles of Chronometers. 

XIII. Select Mechanical Expedients^. 

XIV. Observations on the Effect of Old London Bridge on the Tides, &c 
XV. Professor Parish on Isometrieal PerspeetiTO. 



In ISmo., in boards, comprising 390 pages, price 5#. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY, 

alphabetically arranged, containing a great variety of Theorems, Formiilte» 
and Tables, from the most accurate and recent authorities in Tihoos bnuudMB 
of Mathematics and Natural Philosophy : with Tables of Logarithms. 

By the Ect. JOHN CARR, M. A., late Fellow of Trinity College, Cambridge. 

John JFeale't Catalogue qf his PublicaHont of Workt on Arehiteeture, 
Chil, Mechanical, Military , and Naval Engineerhuff gratiig tfhypo9t, \d. 



HINTS 



TO 



YOUNG ARGHITECTS: 



OOUFBXSUfO 

ADYIGB 10 THOSE WHO, WHILE TET AT SCHOOL ABE DE8TIEED 

TO THE PROFESSION: 

SUCH AS, HAYINO PASSED THEIB PUPILAOB, ABB ABOUT TO TRATEL 

AND TO THOSE WnO, HAYING COMPLETED THEIR EDUCATION, 

ABE ABOUT TO PRACTISE: 

TOOCmZH WITH 

A MODEL SPECIFICATION: 

IKVOLVINa ▲ QRBAT VARIETT OF INSTBUGTIVB AND SUOaBSTIVB MATTER 
CALCULATBD TO FACILITATE THEIB PRACTICAL OPERATIONS; 

AND TO DIRECT THEM IN THEIR CONDUCT, AS THE RESPONSIBLE 

AGENTS OF THEIB EMPLOYERS^ 

AND AS THE RIGHTFUL JUDOES OF A CONTRAOTORIS DUTT. 

By aEOEGB WIGHTWICK, Architect. 

cosTKsm :— 



Prelinunary Hints to Young Archi- 
tects OB the Knowledge of 
Drawing. 
On Serving hia Time. 
On Tnvelling: 

His Plate on the Door. * 

Orders, Plan-drawing. 
On his Taste, Study of Interiors. 
Interior Arrangements. 
Warming and Ventilating. 
House Building, Stabling. 
Cottages and Villasi 
^lodel Specification : — 

Qeneral Gauses. 

Foundations. 

Well. 

Artificial Foundations. 

Brickwork. 

Rubble Masonry with Brick 
Yifingled. 



Model Specification : 

Stone-cutting. 

1 Greeiaa or Italian only. 

, Gothic only. 

Miscellaneous. 

Slating. 

Tiling. 

PUster and Cement-work. 

Carpentei's* Work. 

Joiners* Work. 

Iron and Metal-work. 

Plumbers* Work. 

Draina:^. 

Well-digging. 

Artificial Levels, •Concrete, 
Foundations, * ^Piling and 
Planking, Paving, Vaulting, 
Bell-hanging, Plumbing, and 
Building generally. 
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III Ons lAxgo Volumie OotaTo^ H6v«a Himdred FagM^ with num«roiii 

Bagrftiing^ priM U. 9$,, 

A GENERAL TEXT BOOK, 



OONBTAKT UBB AND SBFSSENOB Or 

ABCHITECTS, ENGINEERS. SUfiYEYOBS, SOLICITORS, 
AUCTIOSEERS, LAND AGENTS, AND STEWARDS, 

n ALL SHim BSYBBAL AHS TABIXO FBOFEBSIOirAL OOOXTFATIOIIB ; 

AMO lOB THX 

ASSIBTASrCB AKB GUIDAKCaS OF 

COUNTRY GENTLEMEN AND OTHERS 

WKGA.OMD XK THB 

TBANSFEB^ MANAGEMEOT', OE IMPKOVEMENT OF 

LANDED FBOPEBTY: 

OONTAIHlXa 

THEOREMS, FORMUUE. RULES, AND TABLES 



IT, MBrSVBAnOH, AXD TRIOOVOKSTRT ; ZJL2n> UZASOISKQ, eOUWWnMO, 
AMD UETSLLUrO ; UAlLWAY AHD HTD&^ULIO BHOIXBBDfO ; TOCBKB MBAIUA- 
Iiro; THX TALUATIOK OF ABTtnOEBaT WOBK, XBTATU, LXAflSBOUM, UVKBOUM^ 
▲MKUXnCf^ TILLAOH^ VABMUrQ BTOCK, AND TXVAUT BIOBT ; THI A WMMMl 
or FABTHHWS BAILWATB» OA8 AXD WATBB WOBKB; THS ZJLW OF DHOnDA- 

non AHA HcuAjrcsa, APPRAiasMDrra axo Auonom; landlobd ax9 
nnrAira; AQnaaaam ano lcabbs. 

TOOBTHEB WITH EXAMPLES OF YILLAB AND OOUNTBT HOUBBB. 

BY EDWAKD RYDE, 
CMl Bngineer aod Land Burv^or, Aathor of seTeral FrofoBaional WmIbb. 

lO WHICH ASM ADDED nTBRAL OHARKBa OV 

AOBICULTURE AND LANDED PROPERTY. 

* BY PROFESSOR DONALDSON, 

Aathor of wtrvnX Woria on Agrlcfoltnra. 
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GHAfTEB L — ^Abxthhetio. 1. Notation — 2. Proof of the SlntFcRir 
RoltB — d. Vulgar Fractions— 4. DecimalB — 5. DnodecimaLs — 6. Pow«ni 
and Boots — 7. Properties of Numbeta — 8. Logarithms and HsUbt- 
fnatical Tables. 

IL — ^PuLirs ABD Solid Gbokbtbt. 1. Definitions—S. Of Angles 
and Bight Lines, and their Rectangles — 8. Of Triangles— 4. Of Qoad- 
rilatenOs and Polygon»--^. Of the Circle, and Lxscribed and Ouroom- 
scribing Figures— 6. Of Planes and Solids — 7. Practical Geometry. 

in. — MxNBCRATiox. 1. Comparison of English and f^nch WeSghts 
and Measures — 2. Mensuration of Superfioies—S. Mensuration of S<mds. 

ly. — Tbioovoukirt. 1. DefinitioQs and Trigonometrical FormubB— 
2. General Propositiona — 8. Solution of the Cases of Plane 

v.— Covio BEcmoKs. 

YL — Laio) MxABimnia. Including Table of Decimals of an 
Table of Land Measure, by dimensions taken in yards. 

TIL — liASD SuRVETnra. 1. Parish and Estate Surveying— 2. IVfgo- 
nometrical Surveying — 8. Traverse Surveying — 4. field ^trumsnii^ 
the Prismatic Compass; the Box Sextant ; the Theodolite. 

YIIL — liETiLLiNa Levelling Instruments, the Spirit Level ; the T 
Level; Trough ton's Level; Mr. Giavatt's Level; Levelling Staves — 
Examples in Levelling. 
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and Semicircular Protractor — ^Plotting Sections. 
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Scale — ^Computing Tables. 

XL — CoFTiNo Maps. lucluding a description of the Pentagraph. 

XIL^Bailwat SURYETtRO. 1. Exploration and Trial LcvsIb; 
Standing Orders. — 2. Proceedings subsequent to the Psssing of the Act; 
Tables for Setting out Curves ; Tables for Setting out Slopes ; Tables of 
Belative Gradients ; Specification of Works to be exeouted in the oon- 
struction of a Bailway ; Form of Tender. 

XIIL — Colonial Subybtino. 

XIY. — Htdbatjuob XV coiriniOTioH wxtb Dbaikaob, Sxwbbagi^ 
ABD Wateb Supply. — With Synopsis of Byde's Hydraulic Tablea— 
Specifications, Iron Pipes and Castings ; Stone- Ware Drain Pipes ; Pipe 
Laying; Beservoir. 

XY. — Timber Mbasuribo. Including Timber Tables^ Solid Mesfore^ 
Unequal Sided Timber; Superficial Measure. 

XYL — ^Artifice BS* Work. 1. Bricklayers' and Excavators'— 2. 
Slaters' — 8. Carpenters' and Joiners' — 4. Sawyers' — 5. StonemssonsT — 
6. Plasterers' — 7. Ironmongers' — ^8. Pointers' — 9. Glasiers' — 10. Paper 
yflangers*. 

Nr XYII. — Yaluation o» Estates. With Tables for the Purchasing of 
Freehold, Copyhold, or Leasehold Estates, Annuities,, and Advowsoni^ 
und for Benewing Leases for Terms of Tears certain and for Lives. 

XYHI.— Yaluatiob or Tillages and Tebabt Bight. With 
^Tables for Measuring and Yaluing Hay Bicks. . 
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\/xEL — ^Valuatioh or Paboebs. 

XX. — BuiLDKBS* Prices. 1. Carpenten* and Joinen* — ± Htaomf — 
8. Bricklayers' — i, Plaaterera' — 5. IronmongerB* — 0. DndnenT — ^7. 
Plcimben'---8. Painters' — 9. Paper Hangers' and Deooratora^ — 10. 
Glajdera* — ^11. Zinc Workers* — 12. Coppersmiths* — 18. Wiraworkeca*. 

XXL— DrtAPiDAnoMS akd Nuibahobb. 1. Qeneral Definitiona — ^2. 
Dilapidations by Tenants for Life and Years — 8. Ditto by Morf^cagee or 
Mortgagoi>— 4. Ditto of Party Walls and Fences— 5. Ditto of ffighvpmya 
and Bridges— 6. Nuisances. 

XXII^— The Law relating to Appraibsbs jlSD AvonomaBS. 1. 
Hie Law relating to Appraisements — 2. The Law of Auction. 

XXIIL — Landlord A2n> Tenant. 1. Agreements and 
Notice to Quit — 8. Distress — 4. Recovery of Possession. 

XXrV.— Tables. Of Natural Sines and Cosines— For Redodng 
Links iato Feet — Decimals of a Pound Sterling. 
XXY.— Stamp Laws.— Stamp Duties— Customs' Duties. 



EXAMPLES OP VILLAS AND COUNTRY HOUSES. 



ON LANDED FBOFEBTY, Bt Pbofbbbob Dona^dbon. 

■ ■ • ■ 

L — ^Landlord and Tenant — their Position and Connections. 

IL— Lease of Land, Conditions^ and Reatriotions; Ghoioe of Tenant 
and Assignation of the Deed. 

IIL — Cultivation of Land, and Rotation of Crops. 
IV. — Buildings necessary on Cultivated Lands — ^Dwelling Hoiims» 
Farmeries, and Cottages for Labourers, 
y. — Laying-out Farms, Roads, Fences, and Qates. 
VL — Plantations — Young and old Timber. 

YIL — ^Meadows and Embankments, Beds of Rivers^ Water Gounei^ 
and Flooded Qrounds. 

YIIL— Land Draining, Open and Covered, — ^Flan, Szeoutioiiy aad 
Arrangement between Landlord and Tenant. 
IX — Minerals — Working and Value. 

X — Expenses of an Estate — Regulations of Disbursements— and 
Relation of the appropriate Expenditures. 

XL — Valuation of Landed Property ; of the SoU, of Houses, of Woods* 
of Minerals, of Manorial Rights, of Royalties, and of Fee Farm Rents. 

XIL — Land Steward and Farm Bailiff: Qualifications and Duties. 

XIIL — ^Manor Boilifi^ Woodreve^ Gardener, and Gkunekeeper — their 
Position and Duties. 

XIV*— Fixed days of Audit— Half- Yearly Payments of Rents— Form 
of Notices, Receipts, and of Cash Books, GfenerU Map of Estates, and of 
each separate Farm— Concluding Observations. 
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BRISaBB. 

45. 

in 4 roll, royal 8to, illuatrated by 138 engn^ings and 92 wood-cats, boiind 
in 3 yols. half-morocoop price £ 4. lOt. 

THE THEORY* PRACTICE, AND ARCHITECTURE 

OF 

BRIDGES OF STONE, IRON, TIMBER, AND WIRE; 

WITH EXAMPLES ON THE PRINCIPLE OF SUSPENSION. 



DXTISIONS OV TBI WOUC 

Thsort or Baidgbs. By James Hann, King's College, London. 

Gknkral pRiNciPLsa OV CoKSTRUcnoN, &c. Translated from Ganthey. 

Thkobt of thk Abch, &c. By Professor Moseley. 

pAnma on Foundations. By T. Haghes, C.E. 

Account of Hutchkbon Bridok, Glasgow, with Specification. By 

the late Robert Sterenson, C.E. 
Mathrmatical Principles op Drbdob's Suspension Brxoor. 
EaaAT AND Treatises on the Practice and Architecture op Bridges. 

By William Hosking, F.S.A., Arch', and C.E. 
Specification of Chester Dee Bridge. 
Practical Description of the Timber Bridges, &c., on the Utica and 

Syracuse Railroad, U. S. By B. F. Isherwood, C. E., New York. 
Description of the Plates. — General Index, &c., ice, &c. 

LIST OF PLATBS. 



1. Centering of BttDftter bridge aeroei the 
rirer Dee, Aberdeenshire. 

5. Town's American timber bridge. 
8. Do., lectioni. 

4. Do. do. 

6. Ledykirk end NodMm timber bridge 

over the Tweed, by J. Bledanore. 
6. Timber bridge over the Cljde el Obt- 

gow, by Roocrt Sterenson. 
7* Eleretion of urchof do. 

8. TVensrerse section of do. ■ 

9. Section of fitot-peth on do., Ac. 

20. Oocupetion bridge over the Celder end 
Hebble NaTigetion, by W. Boll. 

11. Newcestle, North Shields, snd Trne- 
mouth milway TiSduet scrou wil- 
lington Deen, plans and elevations. 

15. Do., do. ^ 

18. Do., sections. 

14. Ditto aeroes Onse Bon Dean, plan and 

deration. 
18. Do., do. 

16. Isometrieal riew of the nspcr wooden 

Imdge at ElysviUe over the Pati^Mco, 
on the Baltimore and Ohio Railroad. 

17. Elevation and plan of do. 

18. Sections of do. 

19. Longitudinal section under the central 

arehwny of Old London bridge, show« 
ing the sunk weir recommended by 
Mr. Smeaton to hold the vrater up for 



SO. 



SI. 



the benefit of the water-works, Ac, in 
1708 ; sections cS the same. 
Flan and elevation of timber bridge for 
Westminster, as designed bj wee- 



[atf-e 



Half-elevation of ditto for Westminster, 
as designed by James King. 
8S. Westminster timber bridge adapted to 

the stone pien, by C. Labelye. 
88. One of the river ribs of the centre on 
which the middle arch of Westn^ster 
bridge was turned, extending 76 feet, 
designed and executed bv JamesKing. 
S4. Lon^ devation and plan of Weetminster 
bnd^. 
Elevation of the foot bridge over the 

Whitadder, at Abbey St. Bathen's. 
Weymouth bridge, elevation and plan. 
Very long elevation of Hutcheeon bridge, 

Glasgow, by Robert Stevenson. 
Longitudinal section of ditto, showing 

the profjress of the wotkM in 1S8S. 
Cross section of do., showing the build- 
ing apparatus and centre names. 
SO. Cross section of Hutcheeon bridge. 
81 . Plan of southern abutment of do. 
Section of abutments of do. 
ToU-houses of do. 

Bridge of Uie SehuyUdU at Maiket 
Street. Philadelphia. 
85. Details of do. 



85. 
80. 

S8. 
99. 



83. 
83. 
84. 
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36. Flu of the wood-work in the steilfaiK of 

the emiill pien of Chepstow bridge. 
97. Longitudinal lection through one of the 

Itrn pien* 
38. Detiuli of Chepitow bridge. 
SQ. Finn, elevation, and aections of the 

central arch of London bridge. 
40« London and Croydon railway bridge 

on road from Cioydon to Sydenham* 

plans, elerationB, and sections. 
41. London and Croydon railway bridge on 

road from Norwood to Bromley, ao. 
4t. London and Croydgn lailwny bvidgo at 

Sydenham, do. 

43. Elevation of the Victoria bridge over 

the valler of the river Wear, on the 
Durham junction railwajr- 

44. Elevation of Chepstow brM^e. 

46. Piling and timber foundatiOM oi one 
of the large |Mers of ChepatoiT bridge. 

46. Plan of pier, elevation of do. 

47. Enlarged section of one of the^ien. 

48. Newcastle and Carlisle railway bridoe, 

over the river l^ne at Seotswood, oy 

John BladcBore, plan and elBvation. 
40, 80. Sections and detuls of do. 
81. Elevatioo and plan of bridge over the 

Eden at Carlisle, by Sir R. Smirke. 
M. Elevation of one cS the arches, with a 

pier, and the north abutment. 
89c. The centering used for the arches of do. 

83. Flan and elevation of the bridge erected 

over the Thames at Staines. 

84. Elevation and ptoos of tiie WeUesley 

bridge at Limerick. 
88. Elevation of pier and half- areh, with 
kmgitndihal section, plan and section 
of baluster, transverse section through 
the crown and apandriL 

86. Bridge of Jena, plan and elevation. 

87. Do., elevation 01 one of the land arches, 

with section of towing-path and re- 
taining wall, transverse section of the 
bridge at the springing of an arch, 
plan of do., transverse section of the 
midge through the centre of one of 
the land arches, plan of the abntments, 
retaining waUs, dee. 

88. Elevation of the DevU's bridge over 

the Serdkio, near Lucca, Italy 1 plan, 
elevation, and croes section. 
80. Brid«e across the river Forth at Stirling, 
by K. Stevenson, elevation. 

00. Lottgitodinal section of the same. 

01. Timber bridge on the Utien and Syra- 

euse Railway, United States, spaas of 

40 and 30 feet. 
09. Do., spaa of 60 ttH, 
flo. Do., elevation, plaa and eroea section, 

span Of 88 feet. 
(tas. Do., iaometrical pn^yeetion. 
04. Do., plan, elevation, and eroea section, 

man of 04 feet. 
04a. limber bridge, span of 83 feet. 
08. Abutment far a bridge of 89 feet span 

over the Oneida Creek. 
00. TVastle briidce, Oneida Creek Valley, 

span of 90 met. 
6t, Do.| elevation of spaa of 100 feel. 



67a, Do., iaometrical projection of tmis, 
connection of floor beams, and croaa 
section. 

06. Tkcstle bridn, Onondago Creek Valley, 
span of 90 feet. 

00. ▲ QTeat vaiiety ct details of joineiy. 

09a. Pile-driring machine. 

70. Isometrical projections. 

70a. Isometrical pnqiectiooa of iron plate. 

70A. Do. 

70c. Do. 

70d. Do. 

70e. Do. 

71^, Do., culverts. 

70ir. Viadnct under Erie canaL 

71. Remans of the bridge over the Adda, 

at Tteiso, the Milanese. 

79. Ely iron bridge, near cathedral. 

73. Details of do. 

74. Do. 
78. Do. 

70. Haddlesey bridge, over the Aire, YtiA* 

ahire, details of the Iran-work. 
77* Do. 
78. Do. 
70* I>o. 

80. Do., sections of etractmo. 

81. Do., plan, iron balusteadea. fte. 
89. Do., details. 

88. Do., devation. 

84. London and BladcwaU Baihray bridge 

over the Lea, elevation and pun. 
88. Do., sections and details. 
80. Do., sections, enlarged view of rtiUng. 
87* Iaometrical prnectiott cS ^e euapeaaoa 

bridge at BaUodi fsnr, oonatraeted on 

Mr. Dredce's principle. 
88. Penonet's design for tne bridge ofcr the 

Seine at Melun, sections, &e. 
60* Brighton <Aain pier, portions of eon- 

stnictive detail. 

00. Wreck of do. in Oct. 1883. 

01. Do. 

09. Longitudinal and transverse seetioaa of 
caaf bwii swing bridge. 

09. Longitudinal section uid transverse do., 
pin of tuning-plate, rsOer Ihune, and 
Ded-)>late of cast-iron swing bcidge. 

04. Elevation and plan of caat^ron swing 

bridge, Flym<Nith. 

05. Genard's Hostd bridge, Cambridge, 

ereeted by the Butteriey Company, (w. 
C. Mylne,) elevation and plan. 

00. Do., aaetiona and details of do. 

07* Do., tmnaverse section of do. 

08. Friboni^ supenaon bridge, genenl 
elevation, with a section of the valley 
of the Serine and of the mooring 
ahafks, Ae.} general plan, endb m 
main piers, wiui appioa^es ealaiged, 
Ae. 

00- Do., eeetionBanddetaibofdo. 
100, 10^. Do. do. 

101. Professor Moad^'a diagrams of Che 

arch. 
109. Do. 

103. Do. 

104. Bobeit Stevenaon's clemtioo of • dudn 

bridge npoa the catanarian principle. 
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In 1 roL 4(a, with 74 pUiM, extern doth boards and lettind, piloB SU, 

THE CARPENTER'S NEW GUIDE : 

THE BOOK OF LINES EOB CABPBNTEBS, 

OBOMBIBICALLY BXFLAIN]U); 

COXPBISINa ALL THS ELKXENTABT PBINCIPLBS ESSENTIAL FOB AOQUIBim ▲ 

KKOWLEDOB OT THE TBBOBT AlTD FBAOHOH OF GABPBBTBT. 

A NBW EDITION, 

roUNDCD ON THAT OF TKB LATX PBTBa SIGH0LI0V*8 SIASnUBO WOBK; 
BKYISKD BT 

ABTHITB ASHPITEIj, Abcbitcct, F.S.A., F.LB.A. 

TOOETHKB WITH 

PRACTICAL RULES ON DRAWING, 

By GBOBGB TTSB, or Ozfobd^ Arasr. 
The Work ia diyided in Three Divisions, with So venty-foiir IlluatratiTe Flfttea, aa fbllowB : 



Diviflion A. — Practical Geometxy, and oL 
Otarpetitxj, explaining the prioeirlea in 
all ita parte, by the late Peter Nicnolaoo. 
(Pagea 1 to 80>-Plate8 1 to eo.) 

DiTiaion B.— Pk»cticalMattbeiDatiC8,Men8u 



ration, Ac, by Arthur Aahpitd, Axchi- 
teet (Pages 1 to St.) 
Diviaion C— Pmcticai Kulea qa Drawtaig, 
for the Operatiye Builder and Tomig 
St\ident in Architecture. (Pagea 1 to 80 
— Piatealtol4.) 



With 72 Engravings, new, improved, and extended edition, price 2L 12t. ML, 
extra large 4to, extra cloth boards and lettered, 

THE PRACTICAL RAILWAY ENGINEER: 

BZAXPLB8 OF IHB XEOHAJTICAL AXD BHaiHBSBIMQ OPE&ATIOBS AKi) STBUOXUBBS 

OOMBIBED IN THB XAKIMO OF A BAILWAT. 
Bt a. D. DBMPSXY, C.E. 

OOMTZllTa. 



Section I.~CnrTea, gradients, gauge, and 
alopea. 

Section 11.— Surveyend level* for a railway 
— Parliamentary plan and section— Limits 
of deviation— Setting out the lino— Work- 
ing pUaaand aeotiona— Gompattag quan- 
tiaea — Opening the ground. 

Section III. — Earthworka^ cuttinga, em- 
bankmenta, and draina. 

uvr OF 

1. Cuttings. 

2. 8, i. Bartiiworka, excavating. 

6. Ditto, embanking. 
0. Ditto, waggona. 

7. Drains under bridgea. 

8. Brick and stone cmverta. 

9. Paved croaslnga. 

10. Bailway bridgea, diagram. 

U, 19; 18, 14. Bridgea, brickand stone. 

16,18. Ditto, iron. 

17, 18, 10, 20, 21. Ditto, timber. 

22. Centers for bridgea. 

23, M, 26, £6, 27. ''Font de Kontloaia." 
28. " Pont du Cher." 

80. Soapensloa bridge. ^ 

80. Box-girder bridge. 

81. ^nieatle bridge and Chepatow bridge. 
8X DetaUa of Ouepetow bridge. 

88. Oraoaotisg, acrew-piling. Ae. 
84. Permanent way and raua. 
86. Dittos chaira. 

86. DHto, Ibh-iofaiti, *e. 

87. Ditto, flah-Joint ehaiia. 

88, 89. Ditto, aaak-lxon aleepen, Ae. 

40. IMfttflLStenheneon'au Brunei's. Hemans'a. 



Section IV.— Betofning waUa^ bridgea, tun- 
nels, &c 

Section Y.— •FeRaanent way and eonitniD- 
tion. 

Section VT.— Stations, to. • 

Section YII. — Rolling atoek — Ouriagei; 
trucks, wheels, aud axlea— Brakes^ and 
details — Locomotive engines andtendera. 

SectionVlII.— Signalaand electric tekgr^>h. 

42. Ditto ditto, detaila. 

48. Ditto, apring-croeaiaga, fta 

44. Ditto, turn-table. 

46, 46. Terminal station. 

47, 48, 49. StaUons. 
50. Ooods atationa. 

61. Polygonal engine-houao. 

62. Englne-houae. 

53. Watering apparataa.—(A>, Taaka. 
64. Ditto, (B.) Detaila or paapa. 
56 Ditto, (C.) ^^ '^ ' • — 



Detaila ol 
66. Ditto, (D.) Cranea. 
57. HoiaUng machineiy. 

68. Ditto, detaila. 

69. Traversing platform. 

60. Ditto, deUils. 

61. Station-roof at King^ 

62. Ditto, liverpooL 

63. Ditto, Birmingfaattu 

64. 05. Railway oairiages. 

66. Ditto, deteila. 

67, 68. Baflway tracks and w h ea l fc 

69. Iron and ooveredwaggonaL 

70. Detaila of brakea. 

71. Wheela and details. 



